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List of Figures 
Chapter 1 
Figure 1. Some regions involved in social cognition. Adapted (with permission) from Hétu, 
Taschereau‐Dumouchel, and Jackson (2012), where the highlighted areas represent targets for brain 
stimulation studies examining the social cognitive functions identified inset. M1 (primary motor 
cortex); S1 (primary somatosensory cortex); SPL (superior parietal lobule); IPL (inferior parietal 
lobule); EBA (extrastriate body area); TPJ (temporoparietal junction); vPMC (ventral premotor 
cortex); vmPFC (ventromedial prefrontal cortex); dlPFC (dorsolateral prefrontal cortex). Although not 
indicated here, the TPJ is also involved in self/other processing. 
Chapter 2. 
Figure 1. Online Resource 1. Location and gyri constituting the TPJ. 
Figure 2. Online Resource 1. Overlapping and distinct TPJ (black outline) activity in tasks involving 
attention (red), memory (blue), social stimuli (green), and language (gold). Reproduced with 
permission from Carter and Huettel (2013, p. 332), who propose a ‘nexus model’ of the TPJ, whereby 
these convergent processing streams create novel functions such as mentalising (white broken 
outline). The highlighted areas represent meta‐analytic functional imaging activation patterns based 
on data obtained from Neurosynth (http://neurosynth.org). (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of this article.) 
Figure 3. Online Resource 1. PRISMA flow diagram. 
Figure 4. Online Resource 1. Target sites in stimulation studies. (a) Studies pertaining to attention or 
visual processing in red; (b) studies related to speech, language, and auditory processing in black; (c) 
studies related to self, other, and bodily awareness processing in blue; and (d) studies related to 
social cognition in green. All images were prepared using MRIcro, which was also used to convert 
Talairach to MNI coordinates where necessary. International 10–20 locations were also converted to 
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approximate MNI coordinates (Jurcaket al., 2007; Vitali et al., 2002). Both lTPJ and rTPJ sites are 
displayed as projected onto the right hemisphere. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.) 
Chapter 4 
Figure 1: Diagram of EEG electrode layout (green circles) and HD‐tDCS electrode montage (yellow 
circles 0.5 mA each, navy blue circle 2 mA, polarity depending on anodal or cathodal condition). 
Electrodes were also placed on each mastoid, above and below the left eye, and on the lateral 
canthus of each eye. The ground electrode was placed centrally on the forehead.  
Figure 2. Montage and Soterix modelling for cathodal stimulation of the rTPJ. Polarities are reversed 
for anodal stimulation. For anodal stimulation, the central electrode (P6) was the anode, with the 
other four electrodes (C6, TP8, PO8, P2) collectively forming the cathode (see also Figure 1). The 
reverse polarity arrangement constituted cathodal stimulation. Active stimulation (anodal or 
cathodal) applied a current intensity of 2 mA (split evenly between electrodes) for 20 minutes, with 
a 30 second ramp‐up and ramp‐down at the beginning and end. Sham stimulation was also 20 
minutes, but contained only three short, intermittent bursts of active 2 mA stimulation (totalling 230 
seconds, each burst with a 30 second ramp‐up and ramp‐down). 
Figure 3: Typical images used in Self‐Other Face Morphing task. Reproduced with permission from 
Heinisch et al. (2011). Subjects responded, via keypress, to dynamic videos, at the moment when 
they determined that the image had morphed into the second person (self, other, or famous). All 
videos were 6 s long and played in full, irrespective of when the response occurred, so as not to 
reward earlier RTs (time elapsed between video onset and keypress).   
Figure 4. Behavioural data. Effect of condition (sham, cathodal, and anodal) on total accuracy for 
static images of faces displaying fear. Accuracy was significantly improved post anodal stimulation 
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compared to sham (p = .043), and approached significance compared to cathodal stimulation (p = 
.071). 
Figure 5. Behavioural data. Effect of condition (sham, cathodal, and anodal) on response time (RT) for 
static  images  of  faces  displaying  fear.  RTs  were  significantly  reduced  post  anodal  stimulation 
compared to sham (p = .034).  
Figure 6. EEG data. Effect of condition (sham, cathodal, and anodal) on mean N170 amplitude (uV) for 
static images during the Fear Surprise Task, for each hemisphere (P7 = LH = left hemisphere; P8 = RH 
= right hemisphere) and  time point  (pre versus post). Note  that  the effect of  time  in  the cathodal 
condition does not withstand Bonferroni correction.  
Figure 7. EEG data. Effect of condition (sham, cathodal, and anodal) on mean P300 latency (ms at 
maximum peak) for static images during the Fear Surprise Task, pre‐ and post‐stimulation 
Figure 8. Relationship between right hemisphere N170 latency (ms; post‐pre) and RT (ms) difference 
scores (post‐pre) for static fear images, in the anodal condition 
Figure A. Number of participants  who correctly or incorrectly identified whether the HD‐tDCS 
condition they were in was active or not. 
Figure B. Effect of condition (sham, cathodal, and anodal) on lTPJ Beta power (log transformed uV2) 
during resting state (eyes closed). 
Figure C. Effect of condition (sham, cathodal, and anodal) on TPJ Delta power (pooled across rTPJ 
and lTPJ, log transformed uV2) during resting state (eyes open). 
Figure D. Effect of condition (sham, cathodal, and anodal) on Delta power (pooled across frontal 
electrodes, log transformed uV2) during resting state (eyes open). 
Figure E. Effect of condition (sham, cathodal, and anodal) on Theta power (pooled across frontal 
electrodes, log transformed uV2) during resting state (eyes open). 
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Figure F. Effect of condition (sham, cathodal, and anodal) on Theta power (pooled across central 
electrodes, log transformed uV2) during resting state (eyes open). 
Chapter 5 
Figure  1:  Illustration  of  the U‐shaped  profile  of  abnormal  resting  state  power  pattern  in  autism 
spectrum disorders (ASD). Taken from Wang et al. (2013). 
Figure 2: Diagram of EEG electrode  layout  (green circles) and HD‐tDCS electrode montage  (yellow 
circles 0.5 mA each, navy blue circle 2 mA, polarity depending on anodal or cathodal condition).  
Figure 3. Montage and Soterix modelling for cathodal stimulation of the rTPJ. Polarities are reversed 
for anodal stimulation 
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Table C1. Post‐pre stimulation P300 latency and amplitude predicting AQ Social, forced entry (N = 
52), pooled F3/FZ/F4 data. 
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Table D1. Post‐pre stimulation P300 latency and amplitude predicting AQ Social, forced entry (N = 
52), pooled F3/FZ/F4 data. 
Table E1. Pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Social, forced entry (N = 
53), eyes open 
Table F1. Pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Switching, forced entry (N 
= 53), eyes open 
Table G1. Post‐pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Social, forced entry 
(N = 53), eyes open 
Table H1. Post‐pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Switching, forced 
entry (N = 53), eyes open 
Table I1. Pre‐stimulation pooled P7 minus P8 data, all bandwidths predicting AQ Social, forced entry 
(N = 53), eyes open 
Table J1. Pre‐stimulation pooled P7 minus P8 data, all bandwidths predicting AQ Switching, forced 
entry (N = 53), eyes open 
Table K1. Post‐pre‐stimulation pooled P7 minus P8 data, all bandwidths predicting AQ Social, forced 
entry (N = 53), eyes open 
Table L1. Post‐pre‐stimulation pooled P7 minus P8 data, all bandwidths predicting AQ Switching, 
forced entry (N = 53), eyes open 
Table M1. Pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Social, forced entry (N = 
53), eyes closed 
Table N1. Pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Switching, forced entry (N 
= 53), eyes closed 
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Table O1. Post‐pre stimulation pooled P7/P8 data, all bandwidths predicting AQ Social, forced entry 
(N = 53), eyes closed 
Table P1. Post‐pre stimulation pooled P7/P8 data, all bandwidths predicting AQ Switching, forced 
entry (N = 53), eyes closed 
Table Q1. Pre‐stimulation, P7 minus P8 data, all bandwidths predicting AQ Social, forced entry (N = 
53), eyes closed 
Table R1. Pre‐stimulation, P7 minus P8 data, all bandwidths predicting AQ Switching, forced entry (N 
= 53), eyes closed 
Table S1. Post‐pre stimulation, P7 minus P8 data, all bandwidths predicting AQ Social, forced entry (N 
= 53), eyes closed 
Table T1. Post‐pre stimulation, P7 minus P8 data, all bandwidths predicting AQ Switching, forced 
entry (N = 53), eyes closed 
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Opening statement 
The intention for this investigative project is thesis by publication. The introductory chapters are 
divided into three components. First, a brief introduction will provide a focused overview of the 
importance of the temporoparietal junction (TPJ) in social cognition, highlight relevant transcranial 
stimulation (TS) technologies, and argue that modulation of TPJ activity may have clinical relevance 
in conditions characterised by social‐relating symptoms, such as autism spectrum disorder (ASD). 
Second, a systematic review of the literature pertaining to TS of the TPJ will examine the legitimacy 
of the various causal roles attributed to the TPJ (including social cognition), highlight the clinical 
relevance of the TPJ, and evaluate methodological weaknesses and potential improvements 
regarding prior studies. A brief summary of relevant papers published since publication of the 
systematic review will also be provided. Third, a synopsis of the rationale of and justification for the 
present research will be provided, along with an extended introduction to the two empirical papers.  
The empirical papers themselves will then be presented. These are both submitted at the 
time of thesis submission. The first paper explores whether anodal and/or cathodal high‐definition 
tDCS (HD‐tDCS) would influence mentalising/emotional state attribution or self‐other processing 
performance relative to sham stimulation, and whether task performance changes were related to 
neurophysiological changes (measured by EEG). The second paper, using the same methodology and 
participants, examines the link between autism‐relevant traits and pre‐stimulation social cognitive 
performance, as well as exploring the interaction between autism‐relevant traits and HD‐tDCS 
applied to the right TPJ in terms of mental/emotional state attribution and neurophysiological 
outcomes. This will be followed by a general discussion and overall closing comments.  
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Abstract 
Mentalising and self‐other processing are important aspects of social cognition that are clinically 
relevant to conditions such as autism spectrum disorder (ASD). From a neurobiological perspective, 
both abilities have been associated with activity within the temporoparietal junction (TPJ). 
Transcranial stimulation (TS) technologies have shown promise in terms of modulating such aspects 
of social cognition, and therefore might have potential to improve some of the core symptoms of 
conditions characterised by social‐relating difficulties. The broad aims of this project were to 
determine whether high‐definition transcranial direct current stimulation (HD‐tDCS) to the right TPJ 
could modulate mentalising and self‐other processing performance, to explore the temporospatial 
neurophysiological effects of stimulation, and to examine the links between the behavioral and 
neurophysiological outcome domains. It also sought to assess associations between autism‐relevant 
traits and pre‐stimulation social cognitive performance, as well as exploring the interaction between 
autism‐relevant traits and the effect of HD‐tDCS on neurophysiology and cognition. A further 
discussion point was to explore whether investment in clinical HD‐tDCS/rTPJ trials (for example in 
ASD) is warranted. 
A systematic review and two empirical papers are reported here. The systematic review 
examines 40 studies that use TS to modulate TPJ activity, critically exploring methodologies used and 
focusing on evidence regarding impacts on social cognition and self‐other processing. The review 
also explores the many functional roles and potentially clinically relevant aspects of the TPJ, and 
offers some input towards theoretical debates concerning the TPJ.  
The first empirical paper examines whether anodal and/or cathodal HD‐ tDCS modulates 
mentalising/self‐other processing performance relative to sham stimulation, and whether task 
performance changes are related to neurophysiological changes. Participants completed 
mental/emotional state attribution tasks, and a self‐other face‐morphing task, before and after right 
TPJ (rTPJ) stimulation. Electroencephalography (EEG) was also recorded. Anodal stimulation 
improved facial emotion processing performance for static depictions of fear (but not surprise). 
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Stimulation condition influenced N170 and P300 event‐related potential (ERP) components, as well 
as resting state power, with hemispheric effects. Following anodal stimulation, right hemisphere 
N170 latency had a strong positive relationship with reaction times for fearful faces. Results 
therefore suggest that rTPJ anodal HD‐tDCS can affect facial emotion recognition (i.e., affective 
mentalising), and identify some preliminary underlying neurophysiological correlates. It was also 
observed, however, that stimulation effects might depend on the intensity and salience/valence 
(negativity/threat) of the emotion, and may influence excitation/inhibition balance between the left 
and right TPJ. 
The second empirical paper had two aims: to explore links between autism‐relevant traits 
(as measured by the Autism‐Spectrum Quotient or AQ) and pre‐stimulation social‐cognitive 
performance, and to examine interactions between autism‐relevant traits and HD‐tDCS applied to 
the rTPJ in terms of mental/emotional state attribution and neurophysiological outcomes. Pre‐
stimulation mental state attribution accuracy was reduced in participants with higher AQ Switching 
scores. AQ Switching also predicted mental state attribution accuracy improvements (post‐sham 
stimulation), and higher AQ Social/Switching scores predicted reduced improvements in emotion 
recognition RT and accuracy for static faces (post‐cathodal stimulation). Higher AQ Social scores also 
predicted increased P100/P300 ERP latencies and reduced delta power in the left compared to right 
hemisphere (post‐anodal stimulation). Higher AQ Switching scores predicted increased left 
compared to right hemisphere theta power (post‐cathodal stimulation). HD‐tDCS to the rTPJ 
therefore differentially modulated behavioural/neurophysiological domains relevant to social 
cognition, according to self‐reported levels of autism‐relevant traits. Results supported an 
interpretation that elements of attention/switching (AQ Switching) may subserve or underpin 
elements of social cognition (AQ Social).  
This thesis is among the first explorations of the effects of HD‐tDCS over the rTPJ, examining 
effects on social‐cognitive behavioural performance, underlying neurophysiology, and the 
connections between the two. Importantly, in some circumstances AQ subscales (Social/Attention‐
19 
 
Switching) predicted mental‐state attribution performances and responses to stimulation. Results 
point to a complex picture in terms of the potential interactions of attention‐, memory‐, and 
salience/valence‐related processes to outcomes in terms of social cognition and underlying 
neurophysiology, which generates further discussion and possibilities. Overall, it is suggested that 
this work provides evidence to support clinical investigations of TS to the rTPJ in ASD, which may 
yield both attentional and social cognitive benefits. The study also raises a number of considerations 
or priorities for such future studies, which are discussed in detail.  
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Chapter 1. Background and Introduction  
1.1. Social cognition 
Social cognition refers to any brain process related to conspecifics. In a narrower human sense, 
social cognition concerns the processes by which we understand the mental and affective states of 
other people (Adolphs, 2009). The human capacity to infer and reflect upon the agency of self and 
others (for example, intentions, feelings, and beliefs) is often labeled ‘mentalising’ or ‘theory of 
mind’ (Baron‐Cohen, Leslie, & Frith, 1985; Frith & Frith, 2003). Imaging, lesion, and stimulation 
studies point to several brain regions associated with mentalising, with the medial prefrontal cortex 
(mPFC) and temporoparietal junction (TPJ) consistently implicated (Amodio & Frith, 2006; Saxe & 
Kanwisher, 2003). These are highlighted in Figure 1, along with other networks relevant to social 
cognition. A metaanalysis of over 200 fMRI studies found the TPJ and mPFC to be the most 
frequently implicated regions in mentalising tasks, with the former more involved in the inference of 
temporary intentional states, and the latter with more enduring forms of interpersonal processing 
(Van Overwalle, 2009). Understanding social cognition is important in the present context, as ASD is 
the most frequently studied and well understood neurodevelopmental disorder characterised by 
social cognitive impairment. The high prevalence and clinical impact of ASD, which are explored in 
further detail below, further justify improved understanding of underlying social cognitive processes. 
 
1.2. The temporoparietal junction (TPJ) 
As discussed in the systematic review (Chapter 2) at greater length, the TPJ is a somewhat variably‐
defined anatomical brain region (Figure 1) that is thought to be involved in multimodal integrative 
processing and a range of other functions. Of particular interest here is the involvement of the right 
TPJ (rTPJ) in mentalising (Aichhorn et al., 2009), self‐other processing (Arzy, Thut, Mohr, Michel, & 
Blanke, 2006), and attention reorienting (Corbetta & Shulman, 2002). Whether the rTPJ primarily 
subserves social cognition, attention, or contains sub‐regions with differing specialisations remains a 
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topic of debate (Kubit & Jack, 2013; Mitchell, 2008; Scholz, Triantafyllou, Whitfield‐Gabrieli, Brown, 
& Saxe, 2009). 
 
Figure 2. Some regions involved in social cognition. Adapted (with permission) from Hétu et al. (2012), where 
the highlighted areas represent targets for brain stimulation studies examining the social cognitive functions 
identified inset. M1 (primary motor cortex); S1 (primary somatosensory cortex); SPL (superior parietal lobule); 
IPL (inferior parietal lobule); EBA (extrastriate body area); TPJ (temporoparietal junction); vPMC (ventral 
premotor cortex); vmPFC (ventromedial prefrontal cortex); dlPFC (dorsolateral prefrontal cortex). Although not 
indicated here, the TPJ is also involved in self/other processing. 
 
1.3. Social cognition, the TPJ, and clinical applications (ASD) 
Transcranial stimulation (TS) technologies have shown potential in the treatment of refractory 
symptoms in a wide variety of conditions (Bersani et al., 2013; Brunoni et al., 2012). The strongest 
evidence base exists for repetitive transcranial magnetic stimulation (rTMS) in the treatment of 
depression. Application of high‐frequency rTMS to the left dlPFC can significantly ameliorate 
depressive symptoms (Schutter, 2009), and several TMS devices are approved by the FDA in the 
USA. Another low‐frequency rTMS protocol to the right dlPFC has also been reported as effective in 
this regard (Fitzgerald, Hoy, Daskalakis, & Kulkarni, 2009). Regarding the TPJ in particular, TMS 
and/or transcranial direct current stimulation (tDCS) have already targeted this area to provide 
symptom relief in populations with depersonalisation disorders (Christopeit et al., 2014), tinnitus, 
S1 M1 
  dlPFC   
vmPFC 
vPMC   TPJ 
SPL 
IPL 
EBA 
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and refractory auditory hallucinations, all with some success (Slotema, Blom, van Lutterveld, Hoek, & 
Sommer, 2014; Song, Vanneste, Van de Heyning, & De Ridder, 2012).  
The role of the TPJ in social cognition has potential clinical implications in conditions such as 
ASD, which is defined phenotypically by deficits in social communication and interaction, and 
restricted, repetitive behaviours (American Psychiatric Association, 2013). Although behavioural 
manifestations are heterogeneous, individuals with ASD commonly have challenges with engaging in 
social interactions, reading non‐verbal communication, and developing relationships. Other common 
features include repetitive speech and movements, inflexible routines, restricted interests, and 
heightened sensory sensitivity to surroundings (American Psychiatric Association, 2013). ASD 
diagnosis rates appear to be escalating. In Australia, approximately 1 in 100 children are now 
diagnosed (O'Reilly & Wicks, 2013), and the annual financial burden is estimated at AUD 8.1‐11.2 
billion (Synergies Economic Consulting, 2011).  
As yet, no effective biomedical treatments for the core symptoms of ASD have been firmly 
established. Regarding medications, Level 1 or 2 evidence regarding core symptom improvement is 
absent, although indirect effects may be achieved by some medications that influence mood, 
anxiety, or restricted/repetitive behaviours (Rinehart, McGillivray, Kirlovski, & Williams, 2017). 
Cognition‐improving medications, use of compounds such as oxytocin, and technologies such as 
nonvasive stimulation techniques are being explored and may eventually prove useful, but as yet are 
not clinically proven (Rinehart et al., 2017). 
Researchers conceptualise ASD as a cluster of conditions, with diverse neurobiology 
resultant from complex genetic and environmental interactions during critical early 
neurodevelopmental stages (Abrahams & Geschwind, 2008; Geschwind & Levitt, 2007). Several 
brain areas are implicated in the mediation of the social and communicative atypicalities in ASD, 
including posterior temporoparietal areas (Amaral, Schumann, & Nordahl, 2008). For many, autism is 
characterised by aberrant neural connectivity (Ecker et al., 2012; Jou et al., 2011). In terms of local 
connectivity, grey matter is frequently considered to be ‘too connected’ in ASD, perhaps due to lack 
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of synaptic pruning at critical developmental stages (Allen, Robins, & Decker, 2008). In contrast, 
more distal functional connectivity is posited to be relatively lacking in ASD. Such findings give rise to 
accounts such as weak central coherence theory (Frith, 2012) and empathising‐systemising theory 
(Baron‐Cohen, Wheelwright, Lawson, Griffin, & Hill, 2002). These contrast dominant local perceptual 
processing with relatively weak long range integration. Towards the behaviorally severe end of ASD, 
according to such theories, people may be treated like objects or ignored, because they are 
neurologically processed like objects, or provide too wide a range of stimuli too rapidly to be 
successfully integrated and understood.  
Supporting the likelihood of a critical role for the TPJ in social cognition in ASD are the 
following findings. The TPJ is critical to mentalising, a process impaired in ASD (Baron‐Cohen et al., 
1985; Korkmaz, 2011). Physical TPJ atypicalities have also been observed in ASD, such as grey matter 
volumetric and functional connectivity differences (Ecker et al., 2012; Kana, Libero, Hu, Deshpande, 
& Colburn, 2014). Furthermore, aberrant TPJ function during mentalising tasks is associated with the 
degree of reciprocal social impairment in ASD (Lombardo, Chakrabarti, Bullmore, & Baron‐Cohen, 
2011). Finally, in terms of establishing that stimulation of mentalising regions may confer clinical 
benefits, rTMS applied to the dorsomedial prefrontal cortex (dmPFC) has shown potential social‐
relating symptom benefits in ASD. In a randomised, sham‐controlled and double‐blind trial, 
participants with ASD who received rTMS to the dmPFC showed significant reductions in social‐
relating symptoms and self‐oriented anxiety up to one month after stimulation (Enticott et al., 
2014). Stimulation effects were not seen for all participants, but were quite profound for some 
(Enticott, Kennedy, Zangen, & Fitzgerald, 2011). Several other studies have examined possible 
therapeutic roles for TS technologies in ASD (Amatachaya et al., 2014; Amatachaya et al., 2015; 
Oberman, Rotenberg, & Pascual‐Leone, 2013). Results are very preliminary, however, and no studies 
have examined the impacts of TPJ modulation. 
The TPJ is part of the same mentalising network likely to be responsible for the clinical 
benefits observed in the aforementioned dmPFC stimulation trial. Due to its location (i.e., directly 
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below the scalp), the TPJ is also an easier site to access and stimulate, and its stimulation is likely to 
be less aversive than dmPFC stimulation (as lower stimulation intensity is required to reach the site). 
The TPJ therefore appears to be an ideal candidate region for examination of modulation via TS in 
ASD. In order to justify further clinical research in this regard, however, more groundwork needs to 
be established via basic exploratory science. The current research therefore constitutes, in part, a 
series of ‘proof‐of‐principle’ studies.  
1.4. A brief note on EEG (electroencephalography) 
Whilst the systematic review focuses largely on brain stimulation techniques, the TPJ and social 
cognition, EEG is also an important methodological component of the papers presented in the 
subsequent chapters. Key reasons for the use of EEG include the importance of establishing 
neurophysiological correlates of behavioural changes related to stimulation protocols, and with 
reference to the TPJ in particular in terms of improving understanding regarding both local and 
distributed effects of stimulation. A brief introduction to EEG, what it measures and how, as well as 
its strengths and limitations, is therefore worthwhile at this point. 
1.4.1. What EEG measures and how 
An EEG signal is generally thought to reflect the electrophysiological activity of numerous (> 107) 
cortical neurons – in particular their postsynaptic dendritic activity associated with action potentials 
– of similar (parallel) spatial orientation, firing in synchrony (Kayser & Tenke, 2015; Nunez & 
Srinivasan, 2006). This creates a voltage that is measurable by electrodes at the scalp, which are 
often placed according to the 10‐20 system of Jasper (1958). A need for higher density arrangements 
has also led to the advent of 10‐10 and 10‐5 systems (Jurcak, Tsuzuki, & Dan, 2007). Importantly, 
electrodes only measure the voltage at one site relative to the voltage at another/others (or a 
common average), which means that the choice of reference electrode/s is/are critical and 
influential (Joyce & Rossion, 2005; Kayser & Tenke, 2015; Vidal et al., 2015).  
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  Two common uses of EEG are measuring event‐related potentials (ERPs) and rhythmic 
oscillations. Regarding the former, these are generally obtained by presenting the stimuli multiple 
times, and averaging the post‐presentation EEG signal, thereby removing much of the noise from the 
signal (Ward, 2015). Three ERPs relevant to face/emotion processing (and therefor this thesis) are 
the P100, N170, and P300. Both latency and amplitude of these components have been shown to be 
sensitive to facial emotion type and valence (Batty & Taylor, 2003; Chronaki, 2016; Dawson, Webb, 
& McPartland, 2005; Dawson, Webb, Wijsman, et al., 2005; Webb, Dawson, Bernier, & Panagiotides, 
2006). 
  Regarding rhythmic oscillations, EEG signals over a sufficient time period tend to oscillate at 
different rates, which are generally grouped into frequency bands (delta, theta, alpha, beta, and 
gamma). Whilst attempts have been made to link relative power at each bandwidth to different 
cognitive functions and behavioural outcomes, it is unlikely that such simple/direct relationships 
would occur, and more likely that complex combinations of spatially distributed network oscillatory 
activity would underlie specific cognitive functions (Ward, 2015). Oscillatory activity is also often 
measured during so‐called resting state periods (where the individual is not engaged in specific 
cognitive tasks, and may have their eyes open or closed) (Greicius, Krasnow, Reiss, & Menon, 2003). 
The brain is not, of course, ‘at rest’ during such periods, which gives rise to theories about what the 
brain is doing at these times, such as default‐mode network theory (Buckner, Andrews‐Hanna, & 
Schacter, 2008), which has also been linked to social brain networks (Mars, Neubert, et al., 2012).  
1.4.2. Strengths and limitations of EEG 
A key strength of EEG is that it is non‐invasive. Electrodes are inert, so discomfort/risk to participants 
is negligible. Otherwise, discussions are generally framed in terms of the trade‐off between spatial 
and temporal resolution of different technologies. EEG is considered to have poor spatial resolution 
(around 5‐9 cm) compared to techniques such as fMRI, mainly due to volume and conductance 
effects of signal passing through tissue/bone (but also the aforementioned problem of referencing), 
leading to ‘blurring’ at scalp level (Nunez & Srinivasan, 2006). In contrast, EEG is thought to provide a 
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high level of temporal resolution, as the signal should pass relatively instantaneously to the scalp 
electrodes. However, as is often the case, things may not be this simple. It may be that some of the 
same factors that influence spatial resolution also influence temporal resolution (Burle et al., 2015). 
The EEG field and methods of acquisition and analysis are always evolving, however, and numerous 
techniques to improve both spatial and temporal accuracy are being suggested and tested (Burle et 
al., 2015; Kayser & Tenke, 2015; Vidal et al., 2015). 
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Chapter 2. Noninvasive stimulation of the temporoparietal junction: A systematic review 
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2.2. Preamble to systematic review paper 
In the following review, papers that use a TS to modulate TPJ activity will be systematically reviewed, 
in order to examine methodologies used and reported impacts on social cognition and self‐other 
processing. This aims to further set the scene for this research and provide an answer to a key 
question: is stimulation of the TPJ likely to yield social cognitive improvements, particularly when 
applied to clinical populations such as ASD? The review also aims to explore the many functional 
roles and potentially clinically relevant aspects of the TPJ, and offers some input towards theoretical 
debate concerning the TPJ.  
 
2.3. Systematic review paper manuscript 
Donaldson, P. H., Rinehart, N. J., Enticott, P. G. (2015). Noninvasive stimulation of the 
temporoparietal junction: A systematic review. Neuroscience and Biobehavioral Reviews 55: 547‐
572. 
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Imaging  and  lesion  studies  have  suggested  numerous  roles  for  the temporoparietal  junction  (TPJ),  for
example  in  attention  and  neglect,  social  cognition,  and  self/other  processing.  These  studies  cannot  estab-
lish causal  relationships,  and  the  importance  and  relevance  of  (and interrelationships  between)  proposed
roles remain  controversial.  This  review  examined  studies  that use  noninvasive  transcranial  stimulation
(NTS)  to explore  TPJ  function.  Of  the 459  studies  identiﬁed,  40  met  selection  criteria.  The  strengths
and  weaknesses  of NTS-relevant  parameters  used  are  discussed,  and  methodological  improvements  sug-
gested.  These  include  the  need  for  careful  selection  of stimulation  sites  and  experimental  tasks,  and  use  of
neuronavigation  and  concurrent  functional  activity  measures.  Without  such  improvements,  overlapping
and  discrete  functions  of  the  TPJ will  be difﬁcult  to  disentangle.  Nevertheless,  the contributions  of  these
studies  to  theoretical  models  of  TPJ function  are discussed,  and  the  clinical  relevance  of  TPJ  stimulation
explored.  Some  evidence  exists for  TPJ  stimulation  in  the  treatment  of auditory  hallucinations,  tinnitus,
and  depersonalisation  disorder.  Further  examination  of  the  TPJ in conditions  such  as  autism  spectrum
disorder  is also  warranted.
© 2015  Elsevier  Ltd. All  rights  reserved.
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1. Introduction
The temporoparietal junction (TPJ) is a critical multimodal
cortical region, the precise role and anatomy of which remains
controversial. Not only are its functional roles and anatomical
boundaries debated, but its very conception as a uniﬁed region with
a common function is uncertain. Though deﬁnitions vary, the TPJ
generally refers to an area of cortex at the junction of the inferior
parietal lobule, lateral occipital cortex, and the posterior superior
temporal sulcus (Mars et al., 2012; Fig. 1). The TPJ receives inputs
from thalamic, limbic, somatosensory, visual and auditory areas,
and has bidirectional connectivity with distal temporal and pre-
frontal regions (Decety and Lamm,  2007). Due to this location at the
conﬂuence of diverse information streams, the TPJ is hypothesised
to be a critical hub for multisensory integration and processing.
Traditionally, evidence regarding TPJ function has emerged from
functional imaging and lesion studies. Functional imaging stud-
ies implicate the TPJ in processes as varied as episodic memory
retrieval (Vilberg and Rugg, 2008; Wagner et al., 2005), tempo-
ral processing (Davis et al., 2009), language and speech (Binder
et al., 2009), resting state activity (Buckner et al., 2008; Greicius
et al., 2003), vestibular function (Ventre-Dominey, 2014), attention
(Corbetta and Shulman, 2002) and social cognition (Dunbar, 2012;
Van Overwalle, 2009). The latter two constructs have attracted
the bulk of the research interest, particularly regarding areas of
overlapping activity in and near the right TPJ (rTPJ). Earlier stud-
ies examining the rTPJ in attention emphasise its involvement
in bottom-up attentional reorienting based on stimulus salience
(Corbetta and Shulman, 2002; Decety and Lamm,  2007). Some later
papers suggest a further role of the rTPJ in top-down attentional
processes (Geng and Vossel, 2013; Vossel et al., 2014). The rTPJ
has also been implicated in left hemiﬁeld neglect, which refers to
a deﬁcit in attention to the left side of space (Ptak and Schnider,
2011). Similarly, many studies of social cognition have identiﬁed
TPJ activity during processes involving mentalising (Gallagher and
Frith, 2003; Saxe and Kanwisher, 2003) and related constructs such
as belief attribution (Young and Saxe, 2008), imitation and con-
trol thereof (Santiesteban et al., 2012b; Sowden and Catmur, 2013),
and moral processing (Greene et al., 2004; Young and Saxe, 2009).
Important mentalising processes occur in the TPJ bilaterally (Perner
et al., 2006). There is also a strong body of literature connecting
TPJ activity to self-other and bodily-awareness processing, such as
sense of agency (Farrer et al., 2003; Farrer and Frith, 2002; Ruby
and Decety, 2001), self-other discrimination (van der Meer et al.,
2011; Vogeley et al., 2001), and embodiment (Arzy et al., 2006).
Indeed, out-of-body experiences (OBEs) may  be related to multi-
sensory integration failure at the TPJ (Blanke and Arzy, 2005; Blanke
et al., 2002). OBEs involve the perception of being outside one’s own
body, and often observing oneself from this perspective.
Lesion studies tend to paint a similar portrait in terms of deﬁcits
associated with TPJ damage. One challenge regarding synthesis and
making inferences, however, is that damage is infrequently focal to
the TPJ speciﬁcally, so functional contributions can be more dif-
ﬁcult to pinpoint with conﬁdence. Having noted this caveat, the
lesion literature is particularly rich regarding TPJ involvement in
attention and visual neglect (Committeri et al., 2007; Ticini, 2013).
Damage to the rTPJ has long been associated with neglect symp-
toms (Di Pellegrino, 1995; Friedrich et al., 1998; Karnath et al., 2003;
Vallar and Perani, 1986), although it is increasingly acknowledged
that neglect is heterogeneous both behaviourally and anatomically
(Karnath et al., 2004). Two recent activation likelihood estimation
meta-analyses examining lesion-symptom mapping studies rele-
vant to visual and spatial neglect afﬁrm this diversity (Chechlacz
et al., 2012; Molenberghs et al., 2012). Separate lesion sites were
found to be divergently inﬂuential in different tasks, and damage
to different regions within the TPJ itself had different implica-
tions. For example, more posterior lesions (including the angular
gyrus) impacted allocentric function more greatly than in egocen-
tric frames of reference, which were more heavily inﬂuenced by
lesions to supramarginal and superior temporal gyri (Chechlacz
et al., 2012). Regarding attention more generally, lesion evidence
supports TPJ involvement in both top-down (Geng and Vossel,
2013) and bottom-up attention processes (Castiello and Paine,
2002; Corbetta et al., 2005; Posner et al., 1984). The lesion liter-
ature also supports the notion that the TPJ is critical to a range of
other processes, including language and speech (Buchsbaum et al.,
2011) and motor-sensory abilities such as perception-action cou-
pling (Ro et al., 1998). Left TPJ damage has been associated with
ideational apraxia (De Renzi and Lucchelli, 1988), and TPJ dam-
age in general impacts a range of bodily-awareness and self-other
processing abilities, such as vestibular function, internal body mod-
els and postural stability (Pérennou et al., 2000; Ventre-Dominey
et al., 2003). It can also result in deﬁcits such as anosognosia and
personal neglect (Committeri et al., 2007; Starkstein et al., 1992)
and contribute to the likelihood of OBEs (Blanke and Arzy, 2005).
The self-other processing that occurs at the TPJ may  also be critical
in terms of higher order social cognitive processes. For example, one
study examining 13 patients with TPJ lesions found imitative con-
trol and perspective-taking performance to be relatively impaired
in a manner that was signiﬁcantly correlated (Spengler et al., 2010).
TPJ lesions have also been found to effect facial emotion recognition
and emotional empathy (Shamay-Tsoory, 2011; Starkstein et al.,
1992), as well as mentalising processes such as belief attribution
(Samson et al., 2004).
There is signiﬁcant debate as to whether the rTPJ primarily sub-
serves attention, social cognition, or a co-dependent combination
of both. Earlier papers tend to advocate the primacy of either atten-
tion (Mitchell, 2008) or social cognition (Saxe and Wexler, 2005),
or attempt to explain overlapping function in terms of uniﬁed, co-
dependent processes (Decety and Lamm,  2007). In the latter case,
the TPJ is viewed as a critical hub in predicting external events
and reorienting attention based on stimulus salience. According to
Decety and Lamm (2007) these lower-level processes are impor-
tant in a domain general way, but are also essential to higher
order processes such as mentalising, which requires complex pro-
cesses of ‘attending-to’ and ‘theorising-about’ social stimuli. More
recently, a number of papers have applied more ‘ﬁne-grained’
analyses and suggest that distinct neural regions may exist for dif-
ferent processes within the TPJ, which may  or may  not overlap in
terms of functional integration (Carter and Huettel, 2013; Kubit
and Jack, 2013; Mars et al., 2012; Scholz et al., 2009). On aver-
age, attention tasks elicit activity in more dorsal/anterior TPJ areas
(Fig. 2), whereas social cognition tasks tend to activate more ven-
tral/posterior TPJ sites (Carter and Huettel, 2013; Kubit and Jack,
2013). Furthermore, an examination of the rTPJ conducted by Mars
et al. (2012) identiﬁed three subregions (using tractography-based
parcellation), and then explored their resting state functional con-
nectivity. They reported a dorsal cluster in the inferior parietal
lobule (IPL) with functional connectivity to the lateral anterior pre-
frontal cortex (laPFC), a ventral anterior TPJ cluster connected to
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Fig. 1. Location and gyri constituting the TPJ.
Adapted with permission from Hyman (2010) and Reilly (2013).
the ventral PFC and anterior insula, and a posterior TPJ subregion
that interacted with the anterior medial PFC, temporal pole, and
posterior cingulate.
There are limitations to conclusions based on the ﬁndings above,
however. First, ﬁndings in imaging studies are correlational. In
a multimodal and ﬁnely parcellated region with various theo-
rised ‘switching roles’ (where activity increases may  be better
explained by decreases in suppression) such as the TPJ, imaging has
limited causal explanatory power (Kubit and Jack, 2013). Second,
lesion and imaging studies cannot make the leap from identify-
ing region-function relationships to exploring potential clinical and
therapeutic implications and responses. Fortunately, noninvasive
transcranial stimulation (NTS) techniques can overcome both of
these limitations. As interest in the TPJ has grown over the last
decade, so has the number of NTS studies exploring its function
and clinical relevance.
1.1. Purpose of and justiﬁcation for the present review
The TPJ is emerging as a critical hub in numerous cognitive
domains. The proliferation of NTS studies examining the TPJ has
not been systematically reviewed to date. Doing so provides a
unique opportunity to explore and better understand its causal
roles, which remain controversial.
A further goal is to examine the potential clinical utility of NTS
technologies as applied to the TPJ. Transcranial magnetic stimu-
lation (TMS) and/or transcranial direct current stimulation (tDCS)
have already been used in populations with depersonalization dis-
orders (Christopeit et al., 2014), tinnitus, and refractory auditory
hallucinations, all with some success. Reviews and metaanalyses
in these latter two conditions already exist (Slotema et al., 2014;
Song et al., 2012), so only subsequent studies will be examined in
detail here.
A particular focus will be whether studies stimulating the TPJ
during social cognition tasks provide support for the potential
efﬁcacy of TPJ modulation in clinical populations such as autism
spectrum disorder (ASD). Repetitive TMS  (rTMS) applied to other
regions of the mentalising network, such as the dorsomedial pre-
frontal cortex (dmPFC), has already shown potential beneﬁts in
terms of social-relating symptoms in ASD (Enticott et al., 2011,
2014). Given the critical role of the TPJ in mentalising (Aichhorn
et al., 2009; Saxe and Wexler, 2005), TPJ atypicalities in ASD (Kana
Fig. 2. Overlapping and distinct TPJ (black outline) activity in tasks involving attention (red), memory (blue), social stimuli (green), and language (gold). Reproduced with
permission from Carter and Huettel (2013, p. 332), who  propose a ‘nexus model’ of the TPJ, whereby these convergent processing streams create novel functions such as
mentalising (white broken outline). The highlighted areas represent metaanalytic functional imaging activation patterns based on data obtained from Neurosynth (http://
neurosynth.org). (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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Table 1
Databases accessed, date of access, and results retained after abstract review.
Database Date of search Results Removed via abstract review Results for full-text review
Scopus 15/04/2014 44 11 33
Web  of Science 15/04/2014 72 30 42
PsycINFO (via EBSCO Host) 15/04/2014 29 5 24
Medline Complete (via EBSCO Host) 23/04/2014 48 11 37
Informit: Health Subset 23/04/2014 7 7 0
Embase  23/04/2014 64 14 50
Cochrane Library 23/04/2014 7 1 6
PubMed/PubMed Clinical Enquiries 23/04/2014 61 23 38
DRO  24/04/2014 0 0 0
OAIster  24/04/2014 0 0 0
EThOS  24/04/2014 0 0 0
Proquest Dissertations and Theses Global 24/04/2014 120 102 18
PsycEXTRA via EBSCO Host 24/04/2014 0 0 0
OpenGrey 24/04/2014 0 0 0
CogPrints 24/04/2014 5 5 0
The  Grey Literature Report 25/04/2014 0 0 0
et al., 2014), and the link between aberrant TPJ function during
mentalising tasks and social impairment in ASD (Lombardo et al.,
2011), the TPJ appears to be an ideal candidate region for explo-
ration of modulation in ASD. Furthermore, effective stimulation of
the TPJ can occur at a lower intensity than dmPFC stimulation (due
to its depth), and is likely to be less aversive.
A secondary goal is to brieﬂy examine the various methodolo-
gies used, in order to highlight shortfalls and suggest potential
improvements for future research exploring TPJ function. The
review will begin with a general discussion of the stimulation tech-
nologies used, and trends in terms strengths and weaknesses of the
stimulation-relevant parameters utilised. It will then examine the
studies themselves, grouped according to behavioural function or
clinical group examined.
2. Methods
Databases were searched in April 2014 using the following
search string, without limiters: [(TMS OR “transcranial magnetic
stimulation” OR rTMS OR “repetitive transcranial magnetic stim-
ulation” OR tDCS OR “transcranial direct current stimulation” OR
tACS OR “transcranial alternating current stimulation” OR TBS
OR “theta burst stimulation” OR “theta-burst-stimulation” OR
“theta-burst stimulation” OR “non-invasive brain stimulation” OR
“noninvasive brain stimulation” OR tPCS OR “transcranial pulsed
current stimulation” OR tRNS OR “transcranial random noise stim-
ulation”) AND (TPJ OR rTPJ OR lTPJ OR “temporal parietal junction”
OR “temporoparietal junction” OR “temporal-parietal junction” OR
“temporo-parietal junction” OR “temporo-parietal region”)]. Alerts
were also set up on all databases that offered the option. Results
are summarised in Table 1.
The initial search yielded 457 papers. Alerts yielded two further
papers. Of these, 209 were removed after abstract screening. A fur-
ther 210 papers were rejected due to being duplicates or for other
reasons (reasons for rejection at each stage are detailed in Table 2).
Included studies therefore totalled 40 (see Fig. 3 for PRISMA ﬂow
Table 2
Reasons for paper rejections at abstract and full text review stages.
Removed at
abstract stage
Removed at full
text stage
Duplicate 14 170
No  transcranial stimulation 162 12
No  explicitly stated TPJ stimulation 32 11
Unpublished 1 14
Case  report or series 2
TPJ  as inactive control site only 1
diagram). To be included in the review, the paper needed to be
a full, published, empirical study, where transcranial stimulation
was applied to the human TPJ (either as a focus of the study or as an
active control site). Due to the highly varied nature of research goals
and methodologies, a uniform rating criteria for bias risk in each
study was  not applied. Blinding and control methods are reported
for each study, however.
3. Discussion
3.1. Stimulation techniques
Of the papers reviewed, 11 used event-related TMS  pulses
(erTMS; eight used single pulse, three used double pulse, and one
used a triple pulse protocol), 23 used rTMS, four used theta burst
stimulation (TBS), and ﬁve used tDCS. Some studies utilised more
than one stimulation technique.
The different techniques are informative regarding study goals.
To brieﬂy disrupt neural activity in a focal target region during a
speciﬁc stage of task performance, ‘online’ erTMS pulses are gener-
ally used. These are sufﬁciently intense to produce neural discharge.
The impact of the disruption on task performance is measured con-
currently, thereby implying involvement or non-involvement of
the region stimulated (Hallett, 2007). In contrast, rTMS is generally
‘ofﬂine’, and uses multiple pulses at regular intervals (measured in
Hz) to effect longer but transient changes in cortical excitability.
Low frequency rTMS (usually 1 Hz) is thought to reduce cortical
excitability, whereas higher frequencies tend to enhance cortical
excitability (Bersani et al., 2013). Most rTMS studies reviewed here
applied 1 Hz rTMS (19 of 23 papers) in order to either create a ‘tem-
porary lesion’ for the duration of task performance (investigative
studies), or to down-regulate regional cortical activity in a clini-
cal population (therapeutic studies). rTMS frequencies ranged from
1 Hz to 20 Hz, however, and the results of these studies will be
discussed accordingly.
Another TMS  paradigm becoming more frequently employed is
TBS. This (typically) utilises bursts of three pulses at 50 Hz (20 ms
between pulses) at 5 Hz frequency (200 ms  between bursts). Work
done on the motor cortex suggests that the direction and duration
of effects depend whether the bursts are delivered continuously or
intermittently. At 80% of active motor threshold (AMT), intermit-
tent TBS (iTBS; 2 s trains of TBS every 10 s for 190 s totaling 600
pulses) facilitated motor cortex excitability for 15 min, whereas
continuous TBS (cTBS; an uninterrupted 40 s TBS train totaling 600
pulses) reduced motor excitability for nearly 60 min  (Huang et al.,
2005). The directionality of modulation depends also on stimu-
lation duration, however. Applying the same patterns of TBS for
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Fig. 3. PRISMA ﬂow diagram.
double the length (1200 pulses), Gamboa et al. (2010) found the
reverse effects; cTBS facilitated cortical activity, and iTBS became
inhibitory. Although the exact nature of the cellular effects of TBS
are unclear (Huang et al., 2011), the beneﬁt of TBS is that rela-
tively short, intense periods of stimulation can induce longer lasting
periods of neural modulation than equivalent rTMS paradigms. All
four TBS studies reviewed here used cTBS to inhibit TPJ excitability
for the duration of testing.
The only transcranial current technique used to modulate TPJ
activity was tDCS. This delivers low currents to the cortex result-
ing in transient modulation of membrane potentials and cortical
excitability. Anodal tDCS tends to promote depolarisation of res-
ting membrane potentials and increased rates of neuronal ﬁring,
whereas cathodal stimulation increases hyperpolarisation and low-
ers ﬁring rates (Nitsche et al., 2008). The shortcomings of this
simple anodal/cathodal explanation have been highlighted else-
where (Horvath et al., 2014). Of the ﬁve tDCS studies reviewed,
two applied cathodal stimulation to the left TPJ (lTPJ) only, one
applied both cathodal and anodal stimulation to the lTPJ only, one
applied both cathodal and anodal stimulation to the rTPJ only, and
one applied anodal stimulation bilaterally.
3.2. Stimulation protocols and parameters
3.2.1. TPJ location and navigation method
The range of TPJ sites and locating methods were strikingly
diverse (Fig. 4). Most TMS  studies used individual MRI  data to
neuronavigate coil placement (n = 29), utilising either predeﬁned
anatomical landmarks or co-ordinates based on relevant fMRI ﬁnd-
ings. Some did not use neuronavigation, instead opting to use the
International 10–20 EEG system (n = 6). The lTPJ was  variously
deﬁned as halfway between T3 and P3 (3 studies), halfway between
C3 and T5 (2 studies), or CP5 (one study). Similarly, the rTPJ was
deﬁned as halfway between T4 and P4 (3 studies), or CP6 (one
study). Four of these were clinical studies, and two investigated
self-other processing (Heinisch et al., 2011a, 2012). Two studies
used MRI  data for some participants and the 10–20 system for oth-
ers, without providing a rationale for doing so (Piccirillo et al., 2011,
2013). One study located the TPJ via a set distance from the motor
threshold site used (Gromann et al., 2012), which has proven to be
an unreliable method for locating other cortical areas (Herwig et al.,
2001). Two  did not report on TPJ-locating method (Kim et al., 2013,
2014). All ﬁve tDCS studies used the 10–20 EEG system to guide
electrode placement.
The TPJ is characterised by a high level of inter-individual vari-
ability in gross anatomical structure and cytoarchitecture (Caspers
et al., 2006; Van Essen, 2005). Factors such as cultural and lin-
guistic development may  even impact cerebral location for speciﬁc
functions associated with the TPJ (Kobayashi et al., 2007; Perner
and Aichhorn, 2008). Given this knowledge, some form of indi-
vidualised, MRI-guided neuronavigation seems critical to achieve
satisfactory conﬁdence in TMS  coil placement. This has been con-
sidered less necessary in tDCS, due partly to the large electrode
sizes and surface areas being stimulated. However, as technologies
improve in focality (such as in high deﬁnition tDCS), the impor-
tance of managing inter-individual differences increases (Huang
et al., 2012; Krause and Kadosh, 2014), and neuronavigation must
be considered standard practice for HD-tDCS of the TPJ.
Fig. 4 highlights the range of targets labelled as the TPJ. It is inter-
esting to compare the patterns of site selection with Fig. 2, and with
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Fig. 4. Target sites in stimulation studies. (a) Studies pertaining to attention or visual processing in red; (b) studies related to speech, language, and auditory processing in
black;  (c) studies related to self, other, and bodily awareness processing in blue; and (d) studies related to social cognition in green. All images were prepared using MRIcro,
which  was  also used to convert Talairach to MNI  coordinates where necessary. International 10–20 locations were also converted to approximate MNI  coordinates (Jurcak
et  al., 2007; Vitali et al., 2002). Both lTPJ and rTPJ sites are displayed as projected onto the right hemisphere. (For interpretation of the references to colour in this ﬁgure
legend,  the reader is referred to the web version of this article.)
the ﬁndings of studies advocating a subregion approach to the TPJ
(Kubit and Jack, 2013; Mars et al., 2012). Studies examining atten-
tion or visual processing tended to target the supramarginal gyrus
(SMG) or the border of the SMG  and the angular gyrus (AG), which
have been associated with target detection and reorienting, respec-
tively (Kubit and Jack, 2013). Studies assessing language/auditory
or self/other processing tended to choose similar stimulation sites
to the attention studies, with some slightly more posterior sites
targeting the angular gyrus. Social cognition studies stand apart
somewhat in their site selection, tending to be more posterior
and focusing on the AG. Contra the bulk of prior functional imag-
ing and connection evidence, however, several studies stimulated
more dorsally than could be expected. Some sites extend perhaps
even beyond the traditional TPJ region, such as those used by Kelly
et al. (2014), which were based on peak fMRI activation during their
own social attribution task (Table 6). When more dorsal/posterior
regions of the inferior parietal lobule are stimulated, the question of
the contribution of the mirror neuron system (or action observation
network) to social attribution task performance is raised (Tidoni
et al., 2013).
3.2.2. Factors inﬂuencing physiological effects: intensity,
duration, coils, and electrodes
Intensity and duration of stimulation, as well as coil/electrode
size and type, inﬂuence the depth, width, and longevity of cortical
modulation. In TMS  studies, two approaches to intensity predom-
inate. Most studies used motor thresholds (MTs; n = 22) whereby
a percentage of the stimulator intensity required to elicit a motor
evoked potential (MEP) is then applied to other brain regions. Most
TBS studies (n = 3) used active MTs  (AMTs), whereby MEPs are mea-
sured during target muscle contraction. Other studies used resting
MTs  (RMTs), assessing MEPs while the target muscle is relaxed.
In this review intensities ranged from 80% to 120% of MT  (80%
of AMT  in TBS, and higher percentages of RMT  for event-related
paradigms with fewer, more sporadic pulses). Most used criteria
outlined by Rossi et al. (2009) to establish MTs. Alternatively, 12
studies selected a percentage of maximum stimulator output (MSO)
to apply to all participants. MSOs ranged from 40% to 80%, and in
two studies the MSO  had to be reduced for several participants
to reduce discomfort (Chica et al., 2011; Haarmeier and Kammer,
2010). One further study used a ‘sub-MT’ criteria, where intensity
was individualised so that no muscle twitches or discomfort was
felt, equating to 38–65% of MSO  (Tsakiris et al., 2008). Appropriate
intensities are difﬁcult to deﬁne in motorically silent cortical areas.
MTs  have the beneﬁt of individualisation, but applicability to other
cortical areas is uncertain (Stewart et al., 2001). Setting a standard
MSO  across all participants is consistent, but likely to have vary-
ing effects given inter-individual anatomical differences. Although
neither technique is ideal, the problems with MTs in non-motor
areas may  be exaggerated (Stokes et al., 2013), and MTs  remain the
preferred method.
Duration of TMS  varied from microseconds per trial (times total
trial number) in erTMS paradigms, to 10–20 sessions of 42.5 min
1 Hz rTMS in tinnitus trials (Piccirillo et al., 2013). All studies that
reported on coil type used a ﬁgure-of-eight (Fo8) coil. The most
common size was  70 mm (20 studies). Four studies did not report
coil size, and two  studies did not record coil type (in such cases
a 70 mm Fo8 coil can generally be presumed). Fo8 coils promote
focality of effect, and depending on factors such as coil size, inten-
sity of pulse, and scalp to cortex distance, produce a suprathreshold
ﬁeld up to 1.5 cm deep and 1–2 cm wide (Bersani et al., 2013;
Fitzgerald et al., 2006).
Regarding tDCS intensities, three studies used 2 mA as outlined
by Nitsche et al. (2003), one used 1.25 mA,  and one used 1 mA.
Electrode sizes were either 25 cm2 or 35 cm2, and maximum cur-
rent densities ranged from 0.03 to 0.08 mA/cm2. Though these are
well within suggested safe limits, animal models suggest caution
is necessary at higher intensities and longer durations, due to the
potential for cellular heat damage (Bikson et al., 2009). Stimulation
durations ranged from 11 to 20 min. Durations above 9–13 min  alter
cortical excitability for up to an hour (Nitsche et al., 2008), allowing
sufﬁcient time for subsequent task completion in the three studies
using a pre-post tDCS paradigm. Two further studies used multi-
ple sessions over greater periods to induce longer-term changes.
Although one study provided electrophysiological evidence of cor-
tical modulation after tDCS to the TPJ (Zaehle et al., 2011), there is a
relative dearth of information regarding the local and diffuse neu-
rophysiological effects of both tDCS and TMS  to the TPJ. Improved
modelling of the cellular effects of TPJ stimulation would allow for
both improved methodology and inference plausibility, and should
be a priority.
3.2.3. Adverse effects and collateral effects
An equal number of studies (n = 15) reported no adverse effects
(AEs), or did not report on AEs at all. Eight TMS  studies reported
facial muscle twitching in some participants, and three studies
reported some participants with mild headaches after rTMS or
TBS. One study reported a participant who had to pull out dur-
ing rTMS due to severe headache (Kim et al., 2014), and one
study reported a participant with an ‘inebriation-like’ feeling after
TPJ rTMS (Jay et al., 2014). Three tDCS studies reported no AEs,
and two did not report on AEs (Kyriakareli et al., 2013; Zaehle
et al., 2011). These rates are consistent with those reported by
Brunoni et al. (2011), who found that 56% of tDCS studies men-
tioned AEs, that they did so in an unsystematic manner, and that
AEs were likely to be underreported. Similar appeals have been
made to improve TMS  AE reporting (Rossi et al., 2009; Wasserman,
1998).
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Not only direct AEs and side effects should be examined and
reported on. In terms of assessing cost/beneﬁt ratios of ‘neuroen-
hancement’ stimulation protocols in particular, the net zero-sum
model of Brem et al. (2014) should be considered where possi-
ble. This posits that neural gains are likely to be offset by neural
losses. For example, in enhancing social cognition via tDCS to the
TPJ (Santiesteban et al., 2012a), is performance in one or more
other cognitive domains compromised? Without testing for poten-
tial negative impacts, the overall beneﬁt of the positive impacts
might be overvalued. Furthermore, there is a general lack of con-
current or pre-post electrophysiological or imaging data in these
studies. Without such evidence, the broader impacts of TPJ stim-
ulation, TPJ functional connectivity, and the potential inﬂuence of
functionally connected regions on behaviour cannot be ascertained.
3.2.4. Sham methodology and control sites
Of the TMS  studies, 19 did not use a sham condition (many of
these were erTMS and clinical trials). Seven reported the use of a
sham coil (which sounds like an active coil and in some cases even
stimulates scalp muscles), and seven studies held the coil at an
angle so as not to stimulate the cortex. The angle was perpendicular
in all but two studies, which reported only a ‘differently angled’ coil
(Heinisch et al., 2011b, 2012). One study reported sham stimulation
without specifying the method (Baumgartner et al., 2013). In terms
of other control methods, nine studies utilised alternative-site con-
trol stimulation, and six used a no-TMS condition for comparison.
Whereas TMS  is difﬁcult to simulate given its auditory and sen-
sory impacts, tDCS can be sham-controlled in a relatively effective
manner via short initial periods of current application to induce the
characteristic itching/tingling sensation, before ramping down to
no stimulation (Poreisz et al., 2007). Others, however, have ques-
tioned the effectiveness of tDCS sham conditions (Horvath et al.,
2014). Three studies provided initial stimulation for between 10
and 30 s. One study applied 40 s of stimulation (2 mA), then a small
current pulse every 550 ms  for the remainder (Brunelin et al., 2012).
The ﬁnal study did not report the use of a sham condition (Bose et al.,
2014).
3.2.5. Participants
Aside from the clinical studies, participants were generally
healthy right-handed adults, aged between 18 and 50 (though in
one study up to age 72). Interestingly, six studies included one or
two left-handed individuals in their right-handed sample (Cazzato
et al., 2014; Chica et al., 2011; Kelly et al., 2014; Kyriakareli et al.,
2013; Sowden and Catmur, 2013; Tsakiris et al., 2008). These admis-
sions are potentially problematic, given the possibility of laterality
affects of TPJ function related to handedness. Some studies did not
report on handedness (n = 13). One author participated in his own
study (Haarmeier and Kammer, 2010).
3.2.6. Other general stimulation considerations and limitations
There are several other considerations when examining and
interpreting results of NTS studies. Two common concerns
regarding TMS  and tDCS are potential collateral effects and other
as yet-unknown effects. An exemplar of the former is the ‘net zero
sum model’ put forward by Brem et al. (2014). This model is based
on the principal of energy conservation in closed systems, and pro-
poses that neural ‘gains’ in one area or domain are likely to offset
by neural ‘losses’ in another area or domain. Whilst there is evi-
dence both for and against this proposition (Hamilton et al., 2011),
the authors suggest a decision-making framework for managing
costs and beneﬁts in this regard, taking into account factors such
as the level of impact (wanted and unwanted), its importance, its
duration, and its reversibility (Brem et al., 2014). Our understand-
ing of the level and importance of these potential collateral effects
remains incomplete.
In fact, there are many unknowns in the ﬁeld of NTS. Whilst our
understanding of the exact mechanism/s of NTS effects on neu-
ral tissue is increasing all the time (Bestmann, 2008; Medeiros
et al., 2012), this knowledge is incomplete. It is not known precisely
how factors such as age, gender, medications, substances, individ-
ual anatomy and physiology, and clinical disorders might mediate
these effects and in turn inﬂuence factors such as endocrine, neuro-
transmitter, immune, and autonomic systems (Davis, 2014; Rossi
et al., 2009). Even within-subjects factors such as prior arousal
level and oscillation pattern in underlying cortex may  be important
determinants of stimulation effects, a notion referred to as state-
dependency (Dayan et al., 2013; Neuling et al., 2013; Silvanto et al.,
2008). We  still know little about the impacts of NTS on remote and
functionally connected areas of the brain, glial cells, how long-term
effects are established/maintained, and whether unobserved side
effects of chronic long-term application of NTS technologies exist
(Davis, 2014; Hamilton et al., 2011; Illes et al., 2006). However,
knowledge is rapidly building regarding these many unknowns.
Researchers are increasingly developing novel methods to exam-
ine local and distributed effects both during stimulation (such as
combined TMS/fMRI) and in the longer term, and efforts to exam-
ine potential physiological and collateral effects of stimulation and
publish safety-related data are increasingly common (Cabrera et al.,
2014).
3.3. Review of studies grouped according to tasks and purpose
3.3.1. Studies related to attention or visual processing
Eight studies were reviewed in this category (Table 3). A pair
of studies used 20 min  of 1 Hz rTMS to disrupt the TPJ and intra-
parietal sulcus (IPS) to examine control of Inhibition of Return (IOR)
in each hemisphere (Bourgeois et al., 2013a,b). IOR refers to a pref-
erence to attend to non-previously inspected visual spaces, and
IOR tasks can explore dorsal and ventral spatial attention networks
and their role in endogenous/exogenous attention. The ﬁrst study
reported that rTMS over both the rTPJ and rIPS eliminated manual
(not saccadic) IOR for right-sided targets, but for left-sided targets,
rTMS over rTPJ produced no modulation (Bourgeois et al., 2013a).
The second study disrupted the same regions in the left hemi-
sphere, which affected neither manual nor saccadic IOR (Bourgeois
et al., 2013b). The authors note the relevance of these ﬁndings to
lesion/hemineglect studies, and suggest that the TPJ may  be critical
in the detection of novel and behaviourally relevant stimuli, with
the right hemisphere playing the predominant role. There were
some limitations to these studies, however. Whilst the IPS in both
cases was stimulated at 80% of MSO, the TPJ intensity was reduced
and variable, though the variation in terms of individual RMT  per-
centages was not provided (means were 55% and 60% of MSO  in
each study, respectively). Direct comparisons between IPS and TPJ
as distinct attention network components are therefore difﬁcult to
make.
Two  studies used different TMS paradigms to explore TPJ
involvement in endogenous and exogenous attention. Chang et al.
(2013) examined attention reorienting effects in both lTPJ and rTPJ
using a rapid serial visual presentation task, before and after 20 s of
cTBS. Only rTPJ interference affected contingent orienting, increas-
ing capture in the left visual ﬁeld and decreasing the effect in the
right visual ﬁeld. This implies TPJ involvement in ventral network
attention reorienting, and suggests spatial selectivity within it. Sur-
prisingly given the focus on laterality, this paper does not mention
whether participants were right-handed. Furthermore, it is unclear
how long pre/post TMS  participants were assessed. In contrast,
Chica et al. (2011) used double-pulse erTMS 50 or 650 ms  before
target presentation (rIPS, rTPJ and sham) at two stimulus-onset
asynchronies (SOAs; short and long) to inﬂuence processing during
exogenous and endogenous Posner cue-target tasks. In exogenous
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Table 3
Studies related to attention or visual processing.
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding  (P/E)  Participants  n  Age  range  (M,  SD)  Gender  (F/M)  Medication  Stimulation
procedure
Site  (and  method  of
locating)
Sham/non-site
control  method
Bosco  et  al.  (2008)  Visual-motor
timing  (predictive
interception)
Four-part,  BS,  WS,
sham/non-site
controlled  (some
protocols)
disruptive  rTMS
and  dpTMS  study
P:  sham  TMS  in
dpTMS  conditions.
E: not  stated
Healthy  RH
volunteers
35  (1:  n =  12; 2:
n =  18;  3:  n =  6;  4:
n  =  6)
20–32  (M  =  23.7)  16/19  Not  stated  TMS  (Magstim
SuperRapid)  1.
rTMS;  2. dpTMS;  3.
dpTMS;  4.  rTMS
hMT/V5+,  TPJ
(mean  MNI
coordinates:  1.  65,
−36.6, 30.1;  2.  67,
−25.7,  22.7;  3.
−62.5,  −36.2,  30; 4.
65.3,  −35,  27.3).
Neuronavigated
based  on  previous
fMRI  ﬁndings.
1.  No  sham,
pre-rTMS  as
control; 2.  Vertex,
no-TMS  control
trials;  3.  Sham
dpTMS over  LTPJ;  4.
No sham,  pre-rTMS
control
Bourgeois  et  al.
(2013a)
Visual  attention
(Inhibition  of
Return  –  IOR)
BS,  WS,  pre-post
disruptive  rTMS
study,  no
sham/non-site
control,  non-TMS
control  group
P:  none.  E:  not
stated
Healthy  RH
volunteers
22  (test),  16
(control)
Test  (18–36,
M =  25);  Controls
(19–30,  M  =  22)
Test  (12/10);
Control  (8/8)
Not  stated  rTMS  (Magstim
SuperRapid  2)
rIPS,  rTPJ  (MNI
coordinates:  51,
−51,  26).
Neuronavigated
based  on  previous
fMRI  ﬁndings.
No  sham  or
non-site  control;
control  was  a
non-stim  group
Bourgeois  et  al.
(2013b)
Visual  attention
(IOR and  laterality)
BS,  WS,  pre-post
disruptive  rTMS
study,  no
sham/non-site
control
P:  none.  E:  not
stated
Healthy  RH
volunteers
22  21–31  (M  =  22)  11/11  Not  stated  rTMS  (Magstim
SuperRapid  2)
lIPS,  lTPJ  (Talairach
coordinates:  −57,
−43,  31).
Neuronavigated
based  on  previous
fMRI  ﬁndings.
None  reported
Chang  et  al.  (2013)  Visual  (contingent)
attentional
reorienting
WS,
counterbalanced
cTBS  study,  no
sham/non-site
control,  non-TMS
control
P:  none.  E:  not
stated
Healthy  volunteers,
handedness  not
stated
14  (test),  12
(control)
Test  (19–26,
M =  21.7);  Controls
(18–26,  M  =  22)
Test  (6/8);  Control
(5/7)
Not  stated  cTBS  (Magstim,
Super-Rapid)
rTPJ  (Talairach
coordinates:  55,
−44,  24),  lTPJ  (−55,
−41,  17),  and  rFEF.
Neuronavigated
based  on  previous
fMRI  ﬁndings.
No  sham  or
non-site  condition.
No-TMS  condition
as  control
Chica  et  al.  (2011)  Endogenous/exogenous
spatial  attention
WS,
counterbalanced
erdpTMS  study,
sham-controlled
P:  sham  controlled,
all naive  to  TMS.  E:
Not  stated
Healthy  volunteers
(15  RH,  1  LH)
16  (M  = 28,  SD  =  5)  8/8  Not  stated  erdpTMS
(Superapid2,
MagStim)
rIPS  and  rTPJ  (MNI
coordinates:  51,
−51,  26).
Neuronavigated
based  on  previous
fMRI  ﬁndings.
Sham  controlled
(coil perpendicular)
Haarmeier  and
Kammer  (2010)
Smooth  pursuit  eye
movement,
optokinesis
WS,
counterbalanced
erTMS  study,  no
sham  control
(non-TMS  as
control)
P:  none.  E:  not
stated
Healthy  volunteers,
handedness  not
stated  One  author
of  the  paper
included
12  22–41  8/4  Not  stated  erTMS  (Medtronic
Magpro)
V1,  area  MT1/V5,
mPOC,  cerebellum,
lTPJ, RTPJ
(coordinates  not
provided,  TPJ
deﬁned  as the
posterior  end  of  the
Sylvian  ﬁssure).
Neuronavigated.
No  sham  control
(no-TMS  conditions
as  control)
Meister  et  al.  (2006)  Visuospatial
attention  (hemine-
glect/extinction)
WS,
counterbalanced
erTMS  study,
sham-controlled
P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers
14  (24.7,  1.8)  6/8  Not  stated  erTMS  (MagStim
200)
rSTG,  rTPJ
(neuronavigated,
rTPJ deﬁned
anatomically,  no
coordinates
provided).
Sham  controlled
(coil perpendicular)
Ritzinger  et  al.
(2012)
Global  gestalt
perception
WS,
counterbalanced
pre-post  cTBS
study,  non-site
controlled,  no  sham
P:  none.  E:  not
stated
Healthy  RH
volunteers
15  20–35  (?)  9/6  Not  stated  cTBS;  (Magstim
SuperRapid-2)
lTPJ,  rTPJ
(neuronavigated,
deﬁned
anatomically  based
on  prior  fMRI
studies)
rPFC  as  control  site,
no  sham  control
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Table 3 (Continued )
Paper  Coil/Cathode/
Anode
RMT  Frequency  Intensity  Duration  Trains  Pulses  Sessions  Measures  Tasks/method
of  assessment
Assessment  points  Reported  effects  Adverse  effects
Bosco  et al.
(2008)
Fo8  (70  mm)  ≥50%  of
responses
≥50 V
1  Hz
(protocols  1
and  4)
1.  106.7  ±  9.2%
of  RMT;  2.
110% RMT;  3.
110%  RMT;  4.
Not  stated
1.  10  min;  2.
ER; 3. ER;  4.
10 min
Not  stated  Not  stated  1  Timing
accuracy;  RTs
Interception
task (IT);
Visual reaction
time task  (RTT)
1.  Pre-post  rTMS;  2.
100 ms  after  trial
onset; 3. 300  ms
after trial  onset; 4.
Pre-post  rTMS
TMS  to  TPJ
disrupted
accelerating
downward  target
interception;  V5
disruption  both
horizontal/vertical
and  accelerat-
ing/decelerating
impacts;  TPJ  may be
specialised for
visual  gravitational
motion.
No  effects  on visual
perception;  other
AEs  not  reported
upon.
Bourgeois
et al.  (2013a)
Fo8  (70  mm)  – 1  Hz IPS  (80%  MSO);
TPJ  (55%  MSO)
20  min  1 (IPI  = 1 s)  1200  2  (≥72 h apart)  RTs; IOR  index
(ms)
Manual  IOR
task; Saccadic
IOR task
Pre-  and  post-rTMS  rTMS  over  rTPJ  or
rIPS disrupted
manual  but  not
saccadic  IOR  for
right-sided  targets.
For  left-sided
targets,  rTMS  over
rTPJ  produced  no
modulation.
80%  MSO  on TPJ:
face/tongue
sensations,
involuntary  blinks,
jaw  contractions  in
some.
Bourgeois
et al.
(2013b)
Fo8  (70  mm)  – 1  Hz IPS  (80%  MSO);
TPJ  (60%  MSO)
20 min  1 (IPI  = 1 s)  1200  3  (≥72 h apart)  RTs; IOR  index
(ms)
Manual  IOR
task; Saccadic
IOR task
Pre-  and  post-rTMS  rTMS  over  lIPS or
lTPJ  did  not
modulate  either
manual  or  saccadic
IOR.
80%  MSO  on TPJ:
face/tongue
sensations,
involuntary  blinks,
jaw  contractions  in
some.
Chang  et  al.
(2013)
Fo8  (55  mm)  – 3  × 50 Hz  @
5  Hz
40%  MSO  20  s  n/a  300  2  (days  apart,
not stated)
Accuracy  (%)  Rapid  serial
visual
presentation
(RSVP) task
Pre-  and  post-rTMS  rTPJ  cTBS increased
contingent  capture
in  left  visual  ﬁeld
and  decreased
capture  in  right
visual  ﬁeld.  No
difference  between
no-TMS  and
lTPJ-cTBS  condition.
Not  reported  upon.
Chica  et  al.
(2011)
Fo8  (70  mm)  – ER  80%  MSO
(reduced  in
those who  felt
discomfort,
range not
stated)
50 ms/trial  n/a  2  (per  trial)  2  (end/ex),  ≥2
days  apart
Eye  movement
(ﬁxation
stability);
Inverse
Efﬁciency  (IE,
RT/%  correct)
Posner
cue-target  task
(exogenous,
endogenous)
Post  dpTMS  and
target:  RT  or
1967 ms
EX:  TMS  disruption
of IPS or TPJ
prevented
contralateral
inhibition  at  the
long  stimulus-onset
asynchrony  (SOA).
END:  TMS  on  IPS
but  not  TPJ  led  to
abnormal
facilitatory  effects
at  long  SOAs.
80%  MSO  on TPJ
induced
face/tongue
sensation,
involuntary  blinks,
jaw  contractions  in
some.
Haarmeier  and
Kammer
(2010)
Fo8  (MC-B70)  – 10  Hz  50%  MSO
(n =  7). In 5
subjects
reduced
intensity  to
40–46%
340  s per
pulse,  3 pulses
within 300  ms
per  trial
n/a  3  (per  trial)  1  Point  of
subjective
stationarity
(PSS),
background
velocity  at PSS,
RS  gain
Smooth
pursuit  eye
movement
task
After  300  ms
background
stimulus (including
3 TMS  pulses  in
active  condition)
Stimulation  of TPJ
impaired
suppression  of the
optokinetic  reﬂex
induced  by
background
stimulation.
In 5  subjects,  side
effects at  50%  MSO
(facial  and
trigeminal  nerve
stimulation).
Meister  et al.
(2006)
2  × Fo8
(90 mm)
–  ER  60%  MSO  Not stated  n/a  1  (per  trial),
150 or  250  ms
after onset
1 % correct;  RTs  Unilateral  and
bilateral
black-dot
stimuli
detection task
Subjects  had  2250
ms  post  stimuli  for
response click
TMS  over  rTPJ
induced  an
extinction-like
pattern to
contralateral
hemiﬁeld.  TMS  over
rSTG had  no  effect
Not  reported  upon.
Ritzinger  et al.
(2012)
Fo8  (70  mm)  Muscle  twitch
in ≥5/10
pulses
3  × 50 Hz  @
5  Hz
80%  of RMT  20  s  100  triple
pulses  each
site
300  (each  site)  4  (lTPJ,  rTPJ,
bilateral  TPJ,
RPFC).  ≥7  days
apart
Ability  to
identify
global-level
object
Global/local
Gestalt
perception
task
15  min  before  cTBS,
5–15 and
25–30  min  after
cTBS
Identiﬁcation  of
global  Gestalt
modulated  only  by
bilateral  cTBS.
Four  subjects
reported  mild
headache
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tasks, TMS  disruption of rIPS or rTPJ prevented contralateral inhi-
bition at the long SOA. In endogenous tasks, TMS  on rIPS but not
rTPJ led to facilitatory effects at the long SOA. This again suggests
a causal rTPJ role in exogenous rather than endogenous attention.
Though this study was well designed in terms of sham control and
counterbalancing, participants completed 3 TMS  conditions twice
(separate sessions), therefore performing six quite long blocks of
tasks. Fatigue and sham compromise are therefore possible. Fur-
thermore, the effect of TMS  onset (50 or 650 ms  pre-target) does
not appear to be analysed or discussed.
In another study exploring visuospatial attention and neglect,
Meister et al. (2006) utilised single-pulse erTMS (rTPJ, right supe-
rior temporal gyrus [rSTG], or sham) 150 or 250 ms  after presenting
unilateral or bilateral black dots. No main effect of pulse onset
(150 vs 250 ms)  was observed. rTPJ (and not rSTG) TMS  pro-
duced extinction-like responses to the contralateral hemiﬁeld
when stimuli were presented bilaterally (and not unilaterally). This
suggests rTPJ involvement in visuospatial attention when compet-
ing stimuli are present in both hemiﬁelds. One potential problem
with this study is that all participants underwent stimulation of
both regions (and sham) within one session, but the inter-stimulus
interval (ISI) and interval between regions is not made clear. If
both active sites were done concurrently, the ISI becomes more
important to avoid overlapping neurophysiological effects.
In a study linking visuospatial attention with global percep-
tion, Ritzinger et al. (2012) tested global/local Gestalt perception
before and after 20 s of cTBS (rTPJ, lTPJ, bilateral TPJ, and right
prefrontal cortex [rPFC] as control site; 4 separate sessions).
Contra their hypothesis, unilateral stimulation had no effect (either
side), and bilateral TPJ stimulation increased global Gestalt per-
formance. Whilst this indicates that global Gestalt perception
involves the bilateral TPJ, it is also an important reminder that
TMS  protocols intended to ‘disrupt’ neural activity are based
on modelling done largely in the motor cortex (Huang et al.,
2005, 2011). Morphology and physiology (and therefore excit-
atory and inhibitory responses) in other regions can differ, as
can the distributed neural effects (and therefore behavioural
effects) of up-regulating or down-regulating an area (Borchers
et al., 2012). In this case, one possibility is that bilateral TPJ
disruption temporarily suppresses exogenous attentional con-
trol, allowing for a stronger top-down integration of perceptual
stimuli.
The ﬁnal two studies examined visual-motor timing and smooth
pursuit eye movements. In a complex four-part study, Bosco
et al. (2008) applied 1 Hz rTMS and double-pulse erTMS to the
(mostly right) TPJ during tasks involving the interception of hori-
zontally/vertically moving accelerating/decelerating visual targets.
TPJ stimulation inﬂuenced interception of gravity-related motion
only. The authors suggest TPJ involvement in interception-relevant
timing signals, as well as developing internal models of gravita-
tional effects. With four experiments, however, the sample size
in each was quite small, and it appeared that some participants
were involved in multiple experiments. Haarmeier and Kammer
(2010) used 10 Hz erTMS pulses (3 within 300 ms  to the lTPJ or rTPJ
and other regions) coinciding with the presentation of a random-
moving background array embedded within a smooth pursuit task.
Stimulation of the bilateral TPJ disrupted optokinetic reﬂex sup-
pression, but did not inﬂuence motion perception responses. The
greatest impacts on pursuit velocity (the putative optokinesis sup-
pression indicator) for both lTPJ and rTPJ occurred approximately
250 ms  post random-array and TMS  introduction. The authors
therefore conclude that the TPJ supports the suppression of optoki-
nesis. A potential limitation of this study includes the lack of
speciﬁed interval between stimulation of the six different regions.
Insufﬁcient intervals in a triple-pulse paradigm could compromise
conﬁdence in distinct regional effects. There were also a range of
MSOs used, and a justiﬁcation for the speciﬁc protocol (triple-pulse,
10 Hz) was  not provided.
In summary, initial TMS  evidence supports a causal role
for the TPJ in manual IOR for right-sided targets, ventral net-
work attention reorienting (exogenous), contralateral hemiﬁeld
neglect, global Gestalt perception, gravity-related motion per-
ception, interception-relevant timing signals, and suppression of
optokinesis (Haarmeier and Kammer, 2010; Ritzinger et al., 2012).
These ﬁndings were generally for rTPJ only, though some found
bilateral inﬂuence. Only three studies utilised sham conditions
(Bosco et al., 2008; Chica et al., 2011; Meister et al., 2006), and
experimenters were not blind in any study (in fact one experi-
menter also participated in Haarmeier and Kammer, 2010). This
is not necessarily a signiﬁcant limitation in a well designed study
with an objective physiological measure, however, particularly in
the case of erTMS studies. A bigger concern is the lack of concur-
rent or pre-post electrophysiological measures. Without evidence
such as this, it is difﬁcult to ascertain stimulation effects, and rule
out the possibility that secondary stimulation of highly connected
regions are contributing to behavioural responses.
3.3.2. Studies related to speech, language, and auditory
processing (including clinical applications such as tinnitus and
auditory hallucinations)
Twelve studies met  review criteria in this category (Table 4).
Eight were clinical studies of tinnitus (n = 4) or auditory hallucina-
tions (n = 4). A further four examined speech, language, or auditory
processing. Of these, two  examined TPJ connectivity. Gromann et al.
(2012) applied 1 Hz rTMS to the rTPJ, before participants performed
auditory discrimination tasks while undergoing fMRI. The active
rTPJ stimulation group were reported to possess stronger connec-
tivity between the rTPJ and right dorsolateral PFC (rDLPFC) and
angular gyrus, which the authors suggest may  explain the efﬁ-
cacy of rTMS treatment of auditory hallucinations in schizophrenia.
rTPJ site location was deﬁned in terms of surface directions from
optimal RMT  site and not neuronavigated. Given large interindi-
vidual differences in brain topography and TPJ morphology, this is
a signiﬁcant limitation (and one that applies to much of the clin-
ical literature). In the second study, Murakami et al. (2012) used
a paired-coil TMS  paradigm, combined with a cTBS protocol, to
examine connectivity between TPJ and M1  (and posterior inferior
rontal gyrus [pIFG] and M1)  while listening to speech compared to
white noise. In both cases, ‘effective connectivity’ was reportedly
greater with speech compared to white noise, and cTBS reduced this
increase in connectivity (in fact rTPJ cTBS affected both pathways).
It is difﬁcult to ascertain useful chronometry information due to
the nature of the stimulus as variable/ongoing rather than discrete.
In the listening to speech condition, TMS  was delivered 1500 ms
after sentence onset, while TMS  was applied every 4.5–5.5 s dur-
ing the white noise condition. The authors suggest that both rTPJ
and rpIFG have a role in the integration of sensorimotor aspects of
speech, with the rTPJ situated upstream hierarchically. The authors
mention several limitations, including lack of TPJ focality. Another
concern is the lack of sham stimulation or non-site control condi-
tions.
In another study examining speech perception, Rochas et al.
(2014) used EEG to determine the best site/s and timing for an
erTMS intervention during lexical processing of emotional and
neutral words presented in either the left or right visual ﬁelds.
Triple-pulses at 50, 100, and 150 ms  after stimulus onset were
then applied in three different sites (lTPJ, rTPJ, and vertex) three
times in a single session. Perhaps problematically, the time inter-
val between stimulation of these sites was not provided. Response
times were slower in both lTPJ and rTPJ conditions, particularly
when words in the left visual ﬁeld with emotional content were
presented. The authors propose an early bilateral TPJ cooperation in
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Table 4
Studies relating to speech, language, and auditory processing (including clinical applications).
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding  (P/E)  Participants  n Age range  (M,  SD)  Gender  (F/M)  Medication  Stimulation
procedure
Site  (and  method  of
locating)
Sham/non-site
control  method
Gromann  et al.
(2012)
Functional
connectivity
changes  between
TPJ and  DLPFC
pre-post rTMS
BS,  WS,  sham
controlled
rTMS/fMRI
non-clinical
connectivity  study
P: sham  controlled.
E: not  stated.
Healthy  RH  male
volunteers
22  (11  sham,  11
active)
18–55  0/22  Not  stated  rTMS  (Magstim
Super Rapid)
rTPJ  (5  cm  posterior
and 2  cm inferior  to
the RMT  site).  Not
neuronavigated.
Sham  coil
(Magstim)  to  rTPJ.
Murakami  et  al.
(2012)
Dorsal  auditory
stream  and  motor
lip  area
connectivity
BS,  WS,
counterbalanced
paired  coil  TMS  and
cTBS  study,  controls
not mentioned
P:  none.  E: not
stated.
Healthy  RH
volunteers
1.  n = 8; 2.  n =  8  (10
overall,  6 did both
studies)
(28.3,  6.4)  6/4  No  CNS  medication
at time  of  testing
1.  Paired  coil  erTMS
technique  (2  x
Magstim  200);  2.
cTBS (MagPro
X100)
LM1  (lip  area),  lTPJ,
lpIFG  (within-study
fMRI-guided
neuronavigation).
Mean lTPJ  MNI
coordinates:
(x  =  −52,  y =  −42,
z = 26).
1.  No  sham  control
2. No  sham  control.
Rochas  et  al.  (2014)  Processing  of
emotional  words
WS,
counterbalanced
erTMS  study,
non-site  controlled
(vertex), no  sham
control
P:  none.  E: not
stated.
Healthy  RH
volunteers
10  21–33 (24.5;  4.1)  0/10  Not  stated  Triple-pulse  erTMS
(Magstim  Rapid2)
lTPJ  (Talairach
coordinates:  −58.9;
−54;  25.8);  rTPJ
(58.2; −50.7;  27.8).
Neuronavigated
based  on EEG/MRI
data.
Vertex  as active
control site.
Zaehle  et al.  (2011)  Modulation  of
auditory  cortex
excitability
WS,
counterbalanced
tDCS  study,  sham
controlled
P:  sham  controlled.
E: not  stated.
Healthy  RH
volunteers
14  (26,  3)  7/7  Not  stated  tDCS (Eldith
constant  current
stimulator)
Active  electrode:  T7
or lTPJ  (CP5),  10–20
system  for EEG.
Reference
electrode:
contralateral
supra-orbital  area.
Current  applied  for
30 s  then  ramped
down without
subject awareness.
Clinical applications:  Auditory  hallucinations  (AH)
Bose  et  al.  (2014)  Insight/AH  in
schizophrenia
(SCH)
WS  (pre/post)  tDCS
clinical  trial,  no
sham  or waitlist
control
P:  none.  E: not
stated.
Patients  with
DSM-IV SCH  and
persistent  AH.
Handedness  not
stated
21  (all  clinical)  (33.1,  12.8)  12/9  Anti-psychotics  for
≥3 months.
Chlorpromazine
equivalence  of
718.7  ±  354.2  mg
tDCS (Neuroconn
DC Stimu-  lator
Plus)
Anode  midway
between  F3  and FP1
(lDLPFC).  Cathode
midway between
T3 and P3  (lTPJ),
based on 10–20
EEG system.
No  sham  or
non-site  control.
Brunelin  et al.
(2012)
Potential  treatment
for refractory  AH  in
SCH
Randomised,
double-blind,  WS,
tDCS  clinical  trial
(sham  controlled)
P:  sham  controlled.
E: Interviewing
clinician  blind  to
condition.
RH  patients  with
DSM-IV  SCH  and
refractory  AH.
Handedness  not
stated
30  (all clinical)  (37.8,  8.5)  8/22  All using
anti-psychotics
tDCS  (Eldith  DC
stimulator)
Anode:  lDLPFC
(midway  between
F3  and  FP1).
Cathode: lTPJ
(midway between
T3  and P3),  based
on  10–20  EEG
system.
After  40  s  of
stimulation,  a small
current  pulse
occurred every
550 m  (110  mA  over
15 msec)  through
remainder.
Vercammen  et al.
(2009)
Potential  treatment
for refractory  AH  in
SCH
WS  (pre/post),
double  blind
parallel rTMS
clinical trial,  sham
controlled
P:  sham  controlled.
E: All  raters  blind  to
condition.
Patients  with
DSM-IV SCH  and
refractory  AH
36  (clinical;  12  LTPJ,
12 bilateral  TPJ,  12
sham)
(34.7,  12.1)  18/18  All taking
anti-psychotics  for
≥4 weeks  prior
rTMS  (Magstim
Rapid)
lTPJ  (halfway
between  T3 and  P3)
or bilateral  TPJ
(halfway between
T4  and P4  for  RTPJ).
According  to 10–20
EEG  System.
lTPJ,  Magstim  sham
coil.
Vercammen  et al.
(2010)
Potential  treatment
for refractory  AH  in
SCH and  functional
connectivity
BS,  WS,  double
blind,  parallel
design,  pseudo-
randomised,  sham
controlled  clinical
rTMS/fMRI  study
P:  sham  controlled.
E: All  raters  blind  to
condition.
Subset  from  2009
study  (above).  3 LH
18 (clinical)  (36.3,  12.5)  9/9  All taking
anti-psychotics  for
≥4 weeks  prior
rTMS  (Magstim
Rapid)
LTPJ  (halfway
between  T3 and  P3,
using  10–20  EEG
System).
LTPJ,  Magstim  sham
coil.
Clinical applications:  Tinnitus
Kim  et al. (2013)  Laterality  impacts
of  TPJ  stimulation
in tinnitus  relief
BS,  WS,
randomised,  sham
controlled  rTMS
clinical  trial
P:  sham  controlled.
E: Not  stated.
Tinnitus  patients
refractory  to meds
for  ≥2  months
40  (clinical)  (57.2,  11.3)  17/23  Gingko  biloba  or  an
SSRI for  ≥2  months
rTMS  (MagPro)  lTPJ  (ipsilateral,
contralateral  to
symptomatic  ear).
Coordinates  and
method  of  locating
not stated.
lTPJ,  coil
perpendicular  to
the scalp,  5  min.
Kim  et al. (2014)  Long-term  impacts
of  TPJ  stimulation
in tinnitus  relief
Prospective  BS,  WS,
randomised,  sham
controlled  clinical
trial
P:  sham  controlled.
E: Not  stated.
Tinnitus  patients
refractory  to meds
for  ≥2  months
61  (clinical)  (55.3,  11.4)  32/29  Gingko  biloba  or  an
SSRI for  ≥2  months
rTMS  (MagPro)  lTPJ  or (ipsilateral,
contralateral).
Coordinates  and
method  of  locating
not stated.
Coil  placed in the
same  location,  but
perpendicular  to
the scalp for  5  min.
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Table 4 (Continued )
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding  (P/E)  Participants  n  Age  range  (M,  SD)  Gender  (F/M)  Medication  Stimulation
procedure
Site  (and  method  of
locating)
Sham/non-site
control  method
Piccirillo  et  al.
(2011)
Impacts  of  TPJ
stimulation  (2
weeks)  in tinnitus
relief
Crossover,  WS,
double-blind,
randomised,
sham-controlled
rTMS  clinical  trial
P: sham-controlled.
E:  raters  blind  to
condition.
Adults  with  tinnitus
≥6  months  and  THI
≥38
14  42–59,  M  =  52  4/10  Not  stated  rTMS  (Neuronetics
2100)
lTPJ.  5  patients:
midway between
C3 and  T5  based  on
10–20  system.
Remainder:
neuronavigated
using MRI
coordinates  (not
provided).
Sham  coil
(Neuronetics).
Piccirillo  et  al.
(2013)
Impacts  of  TPJ
stimulation  (4
weeks)  in tinnitus
relief
Crossover,  WS,
double-blind,
randomised,
sham-controlled
rTMS  clinical  trial.
P: sham-controlled.
E:  raters  blind  to
condition.
Adults  with  tinnitus
≥6  months  and  THI
≥30
14  22–59,  M  =  42  5/9  Not  stated  rTMS  (Neuronetics
2100)
lTPJ.  5  patients:
midway between
C3 and  T5  based  on
10–20  system.
Remainder:
neuronavigated
using MRI
coordinates  (not
provided).
Sham  coil
(Neuronetics).
Paper Coil/Cathode/
Anode
RMT  Frequency  Intensity  Duration  Trains  Pulses  Sessions  Measures  Tasks/method
of  assessment
Assessment  points  Reported  effects  Adverse  effects
Gromann  et  al.
(2012)
Fo8  (size  not
stated)
Lowest
intensity  to
induce  visible
APB twitch
1  Hz 90%  of  RMT 16  min n/a  Not  stated 1  RT, accuracy,
fMRI  data
Prosody  task,
fMRI
fMRI  within  10  min
of  sham/active
rTMS  (stimuli
presented  in
scanner)
Stronger
connectivity
between  rTPJ  and
rDLPFC  and  angular
gyrus  post  active
rTMS  compared  to
sham. No  effects  on
accuracy  or RTs  in
prosody  task
No  SEs  reported
from rTMS
Murakami
et  al.  (2012)
1. Fo8  (50  mm;
TPJ or  pIFG);
Fo8 (70  mm;
lip M1).  2.  Fo8
(65  mm)
1.  MEP  ≥50  V
in  5/10  trials.
2. MEP
≥200  V  in
5/10 trials
1.  ER;  2.
3 ×  50  Hz
every  240  ms
1.  90%  RMT  2.
80%  AMT
1.  Not  stated;
2. 48  s
n/a  1.  Not  stated;
2. 600
2  (TPJ,  pIFG),
≥7  days  apart
Effective
connectivity
(condi-
tioned/unconditioned
MEP)
White  noise  vs
speech
(listening)
1.  4  ISIs,  pre-post.  2.
Pre-post  cTBS
TPJ  >  M1  and
pIFG  >  M1  effective
connectivity
increased  with
speech  compared  to
white noise.  cTBS  of
TPJ disrupted  both
TPJ  >  M1  and
pIFG  >  M1connectivity
No  AEs  reported  by
during  or  after  TMS
Rochas  et  al.
(2014)
70  mm  Fo8  Finger
movement  for
≥50%  of  motor
cortex  pulses
20  Hz  90%  of  RMT  Not  stated  3  pulses  per
trial,  50  ms
apart
432  (per  site)  2  (practice,
active)
Average
accuracies,
median  RTs
Concurrent
bilateral
lexical
decision  task
2500  ms  after
stimulus  onset
(2350  ms  after  last
TMS  pulse)
Both  lTPJ  and  rTPJ
interference
impaired
processing  of
emotional  words
presented  to  the
left  visual  ﬁeld.
Not  reported  upon
Zaehle  et  al.
(2011)
2  ×  35  cm2 n/a  n/a  1.25  mA  11  min  (linear
fade in/fade
out  of  8 s)
n/a  n/a  4,
one  week  apart
(anodal/cathodal
T7,
anodal/cathodal
CP5)
EEG:  auditory
evoked
potentials
(AEPs)
Passive
listening  task
Post  sham/active
tDCS.
Anodal  tDCS  over
T7 elicited  larger
P50  amplitudes.
Cathodal  tDCS  over
lTPJ  induced  larger
N1  amplitudes.
Not  reported  upon
Clinical applications:  Auditory  hallucinations  (AH)
Bose  et  al.
(2014)
2  ×  35  cm2 n/a  n/a  2  mA  20  min  n/a  n/a  10  (2  per  day,
≥3  h  apart,  5
days)
AH  score
(AHS);
Schedule  for
Assessment  of
Insight  (SAI)
n/a  Baseline  (day
before  tDCS);  ﬁfth
day  (after
completion  of  tDCS)
32.7%  mean
reduction  in  AHS.
Signiﬁcant
improvement  in  SAI
scores
No patients
reported  signiﬁcant
AEs
Brunelin  et  al.
(2012)
2  ×  35  cm2 n/a  n/a  2  mA  20  min  n/a  n/a  11  (2  per  day,
≥3  h  apart,  5
days)
AH  Rating
Scale  (AHRS),
Positive  &
Negative
Syndrome
Scale (PANSS)
n/a  Baseline  (day  before
tDCS); 5th  day
(after  completion  of
tDCS); 1  and  3  mths
after  tDCS
31%  reduction  in
AH  severity  after
tDCS.  8%  reduction
after  sham.  Effect
maintained  at  3
months.
Improvement  in
PANSS  after  tDCS,
especially  negative
symptoms.
No  signiﬁcant  AEs.
Patients  couldn’t
identify  condition.
P.H
.
 D
onaldson
 et
 al.
 /
 N
euroscience
 and
 Biobehavioral
 R
eview
s
 55
 (2015)
 547–572
 
559
Table 4 (Continued )
Paper  Coil/Cathode/
Anode
RMT  Frequency  Intensity  Duration  Trains  Pulses  Sessions  Measures  Tasks/method
of  assessment
Assessment  points  Reported  effects  Adverse  effects
Vercammen
et al.  (2009)
Fo8  (70  mm)  Lowest
intensity
inducing
movement  in
5/10  pulses
1  Hz  90%  of RMT  20  min  n/a  14,400  (total)  12  (6  days,
twice  daily,
≥5 h apart)
AHRS,  Positive
& Negative
Affect  Scale
(PANAS),
PANSS
n/a One  day  before
rTMS, at  the  end  of
day six,  and one
week after
treatment
All: AHRS
improvement.  AH
reduced  in LTPJ
group only.
Bilateral  TPJ  group:
largest  reduction  in
affective
responsiveness;
small  reduction  in
hallucination  score.
No change  in
placebo  group.
No  serious  AEs.  7
patients:  twitching
of  facial  muscles.  8:
mild  headaches
after rTMS.
Vercammen
et al.  (2010)
Fo8  (70  mm)  Lowest
intensity
inducing
movement  in
5/10  pulses
1  Hz  90%  of RMT  20  min  n/a  14,400  (total)  12  (6  days,
twice  daily,
≥5 h apart)
PANSS  (2  blind
raters reached
consensus).
Functional
connectivity
between  ROIs
n/a  Pre  rTMS  (max  2
days  before);  post
rTMS  (max  2  days
after)
Symptom
improvement
post-rTMS  in  lTPJ
group.  No  change  in
sham group.  No
change in
connectivity
normally associated
with AH.  Increased
connectivity
between lTPJ and
right insula  in  lTPJ
group
Not reported  upon
Clinical applications:  Tinnitus
Kim  et al.
(2013)
Fo8  (C-B65)  Lowest
intensity
evoking  MEPs
of ≥50  mV  in
≥5/10 pulses
1  Hz  90%  of RMT  10  min  each
session  (8  s on,
2 s off)
n/a 3000  (600  ×  5)  5  Tinnitus
handicap
inventory
(THI)  and
visual analog
scores (VAS)
n/a  Pre,  post,  and  1
month  post
treatment
rTMS ipsilaterally
and contralaterally
both  had  signiﬁcant
beneﬁcial  effects
No  hearing  side
effects.  Other  AEs
not  reported  upon
Kim  et al.
(2014)
Fo8  (C-B65)  Lowest
intensity
evoking  MEPs
of ≥50  mV  in
≥5/10 pulses
1  Hz  90%  of RMT  10  min  each
session  (9  s on,
1 s off)
n/a 3000  (600  ×  5)  5  THI,  VAS  Audiometry  as
a  pre-post
control  for
hearing
threshold
Pre,  post,  and  1/3/6
months  post
treatment
THI/VAS decreases
observed in
patients overall.
Comparing
ipsilateral  (I)  and
contralateral  (C)
groups,  no
differences  in
degree  of decrease
in THI  scores  or
VAS.  No  difference
in rate  of
improvement
between I (14/30)
and C  (16/31)
groups. I group
more rapid
improvement
No hearing  AEs.  One
patient  stopped
treatment  due to
severe  headache
Piccirillo  et al.
(2011)
Not  stated  Min  intensity
to elicit
response  ≥50%
of  time  in the
right APB
1  Hz  110%  of RMT  42.5 min  5  × 331  s +  1  ×  350 s,
90 s ISI
Not  stated  5  per  wk  for
2 wks.
Active/sham
≥2  wks  apart
THI  n/a Pre-  and  post-rTMS  Daily  1 Hz  rTMS  to
LTPJ for  2  weeks  no
more  effective  than
placebo
No  serious  AEs.
Most common  SEs:
jaw  twitch  and
neck or  shoulder
tightness  or  twitch
Piccirillo  et al.
(2013)
Not  stated  Min  intensity
to elicit
response  ≥50%
of  time  in the
right APB
1  Hz  110%  of RMT  42.5 min  5  × 331  s +  1  ×  350 s,
90 s ISI
Not  stated  5  per  wk  for
4 wks.
Active/sham
≥2  wks  apart
THI  n/a Pre-  and  post-rTMS  Daily  1 Hz  rTMS  to
LTPJ for  4  weeks  no
more  effective  than
placebo
No  serious  AEs  or
SEs.  Most  common
complaint  jaw
twitches.
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word processing, with a particular rTPJ contribution to emotional
words. Emotional word processing in particular seems to rely on
rTPJ activity, particularly around 130–150 ms  post-stimulus. In a
more general neurophysiological experiment, Zaehle et al. (2011)
used 11 min  of 1.25 mA  tDCS over temporal and temporoparietal
areas (cathodal, anodal, and sham) to examine the modulation of
auditory cortex excitability (via EEG). Anodal temporal cortex tDCS
induced greater P50 amplitudes, while cathodal TPJ tDCS cortex
produced larger N1 amplitudes, a ﬁnding the authors relate back to
possible tinnitus treatment efﬁcacy.
Regarding the clinical rTMS trials examining auditory hallucina-
tion (AH) reduction in schizophrenia, multiple reviews have been
conducted (Demeulemeester et al., 2012; Montagne-Larmurier
et al., 2011; Slotema et al., 2012, 2014). The studies reviewed else-
where will therefore not be discussed further here (Vercammen
et al., 2009, 2010). Although there is some variation in ﬁndings,
metaanalyses suggest 1 Hz rTMS over left temporoparietal cortex is
effective in reducing AHs, with a mean weighted effect size (Hedge’s
g) of .44 to .63 (Slotema et al., 2014). Concurrent or solo stimu-
lation of rTPJ areas have proven ineffective (Slotema et al., 2014;
Vercammen et al., 2009).
Similarly, tDCS studies of AH in schizophrenia have been
reviewed elsewhere (Agarwal et al., 2013; Brunoni et al., 2014),
and typically employ an anodal-lDLPFC and cathodal-lTPJ montage.
Findings are generally positive, such as that of Brunelin et al. (2012)
reviewed here, who reported a 31% reduction in AH severity after
tDCS treatment, which was maintained at 3 months. Non-AH ben-
eﬁts, such as a reduction in negative/cognitive symptoms, may  also
occur (Andrade, 2013). Insight improvement has also been sug-
gested. Bose et al. (2014) applied the same montage in patients
with schizophrenia and refractory AH. Following tDCS, there was
a signiﬁcant improvement in both insight and AH severity. This
study lacked a control arm with sham tDCS, however, and would
have beneﬁted from concurrent assessment using cognitive tests.
A comparable picture exists regarding studies of TPJ stimulation
in refractory tinnitus. Several papers review the efﬁcacy of rTMS
(Kleinjung and Langguth, 2009; Londero et al., 2006; Meng et al.,
2011; Peng et al., 2012; Theodoroff and Folmer, 2013) or tDCS treat-
ments (Song et al., 2012; Vanneste and De Ridder, 2011), and results
for both remain somewhat inconsistent (Langguth et al., 2008).
Two rTMS studies reviewed here add to the controversy some-
what, as neither found daily 1 Hz rTMS to the lTPJ for either 2 or
4 weeks to be more effective than sham in tinnitus relief (Piccirillo
et al., 2011, 2013). Both studies applied dual methods of TPJ loca-
tion, using the 10–20 system with some participants, and MRI  data
with others. Also, two weeks in between active and sham condi-
tion is unlikely to be sufﬁcient as effects can endure for longer. A
further two rTMS studies reviewed herein add support for the efﬁ-
cacy of daily (5 sessions) 1 Hz rTMS to the TPJ, either ipsilateral or
contralateral to the affected ear (Kim et al., 2013, 2014). Reduced
tinnitus severity was maintained six months post treatment (Kim
et al., 2014). Method of location and/or TPJ coordinates were not
reported.
In conclusion, NTS studies point to a causal role of the lTPJ in
speech comprehension, speech production, and AHs. Connectiv-
ity between the TPJ and the DLPFC and/or M1  can be enhanced
by rTMS. The former appears inﬂuential regarding AH severity,
insight, and some negative symptoms in schizophrenia. The rTPJ
seems to have a particular role in processing words with emo-
tional content. Reports are mixed regarding the efﬁcacy of NTS
treatment of tinnitus, but the positive ﬁndings outlined here sug-
gest that ipsilateral or contralateral TPJ stimulation are equally
effective. Some common problems in the clinical literature include
the lack of neuronavigation, vague or absent descriptions of stim-
ulation sites, and infrequency of double-blind, sham controlled
trials.
3.3.3. Studies related to self, other, and bodily awareness
processing (including clinical studies into depersonalisation
disorder)
Twelve diverse studies were reviewed in this category (Table 5).
Two studies examined vestibular function. Kheradmand et al.
(2013) measured the subjective visual vertical (SVV) with a ‘verti-
cal line/graded tilt/head tilt’ task before and after 40 s of cTBS over
the rTPJ (SMGp). Following cTBS the SVV was  tilted and always
opposite to the direction of the head tilt. The authors suggests
the SMGp processes and integrates differing sensory components
– such as head position relative to gravity, eye orientation and reti-
nal input – into a common spatial reference frame in the perception
of upright. This study was well designed (sham and non-site con-
trolled), though had a relatively small sample (n = 8) with a large age
range (22–72 years). In contrast, Kyriakareli et al. (2013) used 2 mA
tDCS for 15 min  to examine vestibulo-ocular reﬂex (VOR) and self-
motion perception (SMP) thresholds in a ‘slow rotation in dark’ task.
In eight participants the anode was  placed over the rTPJ (cathode
over lTPJ), and in 9 participants the reverse was done. VOR and SMP
thresholds, both ipsilateral and contralateral, increased during, and
remained high after, tDCS. Whilst this study was sham controlled,
it was not stated if and how sham/active conditions were counter-
balanced. A further criticism is that this paradigm would also have
stimulated large (dorsal) areas of posterior parietal cortex. To rule
out inﬂuence of these areas, a control non-target montage would
need to be employed.
Two related studies assessed self-other face recognition via
a morphed-face task pre and post 20 min  of 1 Hz rTMS to the
TPJ. The ﬁrst study applied rTMS to the right and left TPJ and
DLPFC over 4 sessions one week apart (Heinisch et al., 2011a).
The video-task morphed images of famous, unfamiliar and own-
faces over six seconds. rTMS over the rTPJ reduced RTs when a
subject’s own face emerged from a familiar face. Similar effects
were reported after rTMS over rDLPFC and lTPJ when subjects’
own likeability ratings were considered. Transitioning from unfa-
miliar to own-face was  predominantly left lateralised. Heinisch
et al. (2012) conducted a similar study, though focused exclusively
on the rTPJ, and included a pre/post rTMS attention assess-
ment. More features were required to recognise famous faces
after rTPJ stimulation compared with control conditions. No effect
was reported when distinguishing between own  and unfamiliar
faces, and rTMS did not inﬂuence attention. Although this sug-
gests rTPJ involvement in facial self–other distinction, differences
between rTPJ stimulation and sham were trends only (p = .075).
No differences were found between rTPJ- and no-stimulation, and
between no- and sham-stimulation. Both studies perhaps suf-
fered from the predictability of the famous face (as opposed to
unfamiliar face), and the inter-individual differences in level of
similarity between own and famous faces. Neither study utilised
neuronavigation.
Another study exploring TPJ involvement in self-other dis-
tinction utilised an imitation-suppression paradigm (Sowden and
Catmur, 2013). Six pulses of 10 Hz rTMS were applied to the
rTPJ (and control mid-occipital site) simultaneously with cue-
onset during a task requiring switching between representations
of others’ actions on social/non-social levels, by manipulating imi-
tative/spatial compatibility. rTPJ stimulation reduced ability to
suppress imitation, but not the ability to control spatially compati-
ble responding, which the authors suggest indicates that the rTPJ’s
role in self-other representation switching may  be domain speciﬁc.
In terms of potential criticisms of this study, no sham condition was
used, only the rTPJ was  stimulated, and two left handed participants
were included.
Three studies examined the TPJ’s role in maintaining a coher-
ent sense of one’s body and/or embodiment. In a creative study
Blanke et al. (2005) applied erTMS to the rTPJ after presenting visual
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Table 5
Studies relating to self, other, and bodily awareness processing (including clinical applications).
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding  (P/E)  Participants  n Age range  (M,  SD)  Gender  (F/M)  Medication  Stimulation
procedure
Site  (and  method  of
locating)
Sham/non-site
control  method
Blanke  et  al.  (2005)  Exploring  out  of
body  experiences
(OBEs)
WS,
counterbalanced
erTMS/EEG  study,
active  site  (but  not
sham)  controlled
P:  none.  E:  not
stated
Healthy  RH
volunteers
7  19–37 (29.6,  5.8)  2/5  Not  stated  Single  pulse erTMS
(Magstim  Super
Rapid)
rTPJ  (mean
Talairach:  63  ±  0.6,
−37 ±  1.9,  20  ± 1.2).
Neuronavigated
based on MRI,
deﬁned as “junction
of the SMG,  AG,  and
STG”
rIPS  as active
control  site
(neuronavigated)
Cazzato  et  al.  (2014)  Perceiving  own  and
others’  bodies
BS,  WS,
counterbalanced
pre-post  rTMS
study (no-TMS
controlled,  no
sham)
P:  none,  though
naive to aims.  E:
not  stated
Healthy  RH  female
volunteers  (2  LH)
66 19–29 66/0  No  psychotropic  or
vasoactive
medications
rTMS  (Magstim
Rapid)
rEBA,  rTPJ
(Talairach  =  63,  −50,
23), neuronavigated
based on previous
TMS study
no-rTMS  group  (no
sham condition)
Heinisch  et  al.
(2011)
rTMS  study  into
self-face
recognition
BS,  WS,
counterbalanced
rTMS  pre-post
study,  sham
controlled
P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers
10  (23.9,  1.5)  5/5  Not  stated  Biphasic  rTMS
(Medtronic  MagPro
R30)
lTPJ,  rTPJ  (CP5  and
CP6)  and left  and
right  DLPFC  using
10–20 EEG  system
(not
neuronavigated)
Same  coil,  turned
around,  angled
differently,  held
between  PZ  and  OZ
Heinisch  et  al.
(2012)
rTMS  study  into
self-face
recognition
WS,
counterbalanced,
rTMS  pre-post
study,  sham  and
no-stim  controlled
P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers
10  (24.2,  2.7)  5/6  Not  stated  Biphasic  rTMS
(Medtronic  MagPro
R30)
rTPJ  (CP6),  using
the  10–20  EEG
system (not
neuronavigated)
Same  coil,  turned
around,  angled
differently,  held
between  PZ  and  OZ.
Also  a  no-stim
condition.
Papeo  et al.  (2010)  Intersensory
conﬂict  in the  TPJ:
detection  or
resolution?
WS,
counterbalanced,
erTMS  study,  sham
controlled
P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers
14  20–36 8/6  Not  stated  Single  pulse erTMS
(Magstim  200)
rTPJ  (Mean  MNI:
63.4,  −50.0,  22.7;
intersection of
SMG,  AG  and  STG),
neuronavigated
based on prior  MRI
data
Coil  perpendicular
to scalp  over  rTPJ
Sowden  and
Catmur  (2013)
Role  of  RTPJ  in
imitation  control
WS,
counterbalanced,
ER  rTMS  study,
non-site  controlled
(no sham)
P:  none.  E:  not
stated
Healthy  RH
volunteers  (2  LH)
16 (26.2,  8.8)  11/5  Not  stated  ER  rTMS  trains
(Magstim  Rapid2)
rTPJ  (MNI  = 54,  −47,
26).
Neuronavigated
based on prior  fMRI
data
No  Sham.  Control
mid-occipital  (MO)
site
Tsakiris  et al. (2008)  Maintaining
coherent  sense  of
one’s  body
WS,
counterbalanced,
erTMS  study,
non-site  and
no-TMS controlled
(no sham)
P:  none.  E:  not
stated
Not  stated  (2  LH)  10  (28.6,  4)  6/4  Not  stated  Single  pulse erTMS
(2T  Magstim  200)
rTPJ  (Mean
MNI = 63.4,  −50,
22.7).
Neuronavigated
based  on
anatomical
landmarks,  TPJ
deﬁned  as
intersection  of
SMG,  AG  and  STG
No  sham.  Vertex  as
control  site.
Clinical applications:  Depersonalisation  Disorder  (DD)
Christopeit  et  al.
(2014)
DD  clinical
treatment  trial
(retrospective
analysis of  data
from Mantovani
et al., 2011)
WS,  randomised,
long-term
inhibitory  rTMS
clinical  trial  (no
sham,  non-site  or
healthy  control
group),
P:  none.  E:  not
stated
RH  outpatients
with  DSM-IV  DD
12 (all  clinical)  (33.6,  12.9)  3/9  2  no  meds,  10
medicated  (SSRIs,
anti-convulsants)
for  ≥2 months  prior
to  and  through  trial
rTMS  (Magstim
Super-rapid
stimulator)
rTPJ  or  lTPJ,
between  T4/P4  and
T3/P3  respectively,
according  to  10–20
EEG  System.
No  sham  or
non-site  control
Jay et al.  (2014)  Neurobiological
model  of DD
BS,  randomised
rTMS  study  (TPJ  as
active  control,  no
sham  condition)
P:  blind  to
hypotheses  and
predicted  effects,
but  no  sham
control.  E:  not  blind
to  site  allocation.
DSM-IV  DD,  healthy
controls
37  (17  DD,  20
control)
Approx:  (33.2,  7.8)  (19/18)  8  with  DD,
medications  not
named
rTMS  (Magstim
Rapid2)
rVLPFC,
neuronavigated.
rTPJ  as  active
control (Talairach:
63, −37,  20);
neuronavigated
based on  MRI/TMS
data. No  sham
condition.
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Table 5 (Continued )
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding  (P/E)  Participants  n  Age  range  (M,  SD)  Gender  (F/M)  Medication  Stimulation
procedure
Site  (and  method  of
locating)
Sham/non-site
control  method
Mantovani  et  al.
(2011)
DD  clinical
treatment  trial
WS,  randomised,
long-term
inhibitory  rTMS
clinical  trial  (no
sham,  non-site  or
healthy  control
group),
P:  none.  E:  not
stated
RH  outpatients
with  DSM-IV  DD
12 (all  clinical)  (33.6,  12.9)  3/9  2  no  meds,  10
medicated  (SSRIs,
anti-convulsants)
for  ≥2  months  prior
to and  through  trial
rTMS  (Magstim
Super-rapid
stimulator)
rTPJ  or  lTPJ,
between  T4/P4  and
T3/P3  respectively,
according  to  10–20
EEG  System.
No  sham  or
non-site  control
Vestibular Function
Kheradmand  et  al.
(2013)
Perception  of
‘upright’
WS.
Counterbalanced,
pre-post  cTBS
study,  non-site  and
sham  controlled
P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers
8  22–72  3/5  Not  stated  cTBS  (Magstim
Rapid-2)
rTPJ
(Neuronavigated  by
anatomical
landmarks:
posterior  SMG;
coordinates  not
given)
Sham-controlled
(wooden  block
between  coil  and
scalp),  cTBS  to
adjacent  areas
Kyriakareli  et  al.
(2013)
Vestibulo-ocular
reﬂex  (VOR)  and
self-motion
perception  (SMP)
BS,  WS,
(counterbalancing
not  mentioned),
tDCS  study,
non-site  and  sham
controlled
P:  sham  controlled.
E: not  stated
Healthy  RH
volunteers  (one  LH)
18  23–50  Not  stated  No  psychoactive
medications
tDCS  (Magstim
Eldith  DC
stimulator)
TPJ  and
posterior-insula
(anode  R,  n  =  8;
anode L,  n = 9);
anode,  CP6;
cathode,  CP5
Sham:  stim  on  for
10  seconds,  off  for
remainder;  control
site  (mastoid
process,  n =  2)
Paper Coil/Cathode/
Anode
RMT  Frequency  Intensity  Duration  Trains  Pulses  Sessions  Measures  Tasks/method  of
assessment
Assessment
points
Reported  effects  Adverse
effects
Blanke  et  al.
(2005)
Fo8  (70  mm)  n/a  ER  75%  MSO  Not  stated  n/a  n/a  4  (on  2  days;  2
sites  x  2 tasks)
Average  RTs  of
correct
responses
Mental  own-body
trans-formation
task  (OBT);  letter
trans-formation
task
ER:  depending
on  stimuli
onset time
rTPJ  activation
330–400  ms  after
stimulus  onset
when  imagining
self from  OBE
perspective.  TMS  to
rTPJ at  this  time
impaired  mental
own-body
transformation
Not  reported
upon
Cazzato  et  al.
(2014)
Fo8  (70  mm)  MEPs  of  50  mV
in ≥5  of 10
stimuli
1 Hz  90%  MT  15  min  n/a  900  3  (TPJ,  EBA,
no-TMS;
≥60 min  apart)
Body
distortion
score;  object
distortion
score
Body image
distortion  task
(Body  Image
Revealer)
Pre-  and
post-rTMS
rTPJ  stim  increased
underestimation
bias  when
participants
adjusted  the  body
of  another  person
No  AEs
reported  or
noticed
Heinisch  et  al.
(2011)
Fo8  (85  mm)  Visible  ﬁnger
twitch in
≥6/10  trials
1  Hz  100%  MT  20  min  n/a  1200  per
active  session
5,  each  one
week apart
RT  (face  task),
BSQ  score
Morphed  face
recognition  task;
Body  Scheme
Questionnaire
(BSQ)
Before,  after
rTMS  in  each
session
rTMS  to  RTPJ
decreased RT when
own  face  emerged
from  a familiar
face; similar  to
rTMS  over  rDLPFC
and  lTPJ,  when
ratings  of  likeability
considered.
Unfamiliar  to  own
face  showed  left
frontal
lateralisation.
Not  reported
upon
Heinisch  et  al.
(2012)
Fo8  (85  mm)  Visible  ﬁnger
twitch in
≥6/10  trials
1  Hz  100%  MT  20  min  n/a  1200  per
active  session
3  (active,
sham,
no-stim),  1
week  apart,
random
RT (identifying
face), FAIR
score
Morphed  face
recognition  task;
Attention  test
(Frankfurter
Aufmerksamkeits-
Inventar;  FAIR)
Before,  after
rTMS  in  each
session
More  features
needed to  identify
famous  face  after
rTPJ  rTMS.  No  rTMS
effect  when
distinguishing
own/unfamiliar
faces, nor  attention
effects.
Not  reported
upon
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Table 5 (Continued )
Paper  Coil/Cathode/
Anode
RMT  Frequency  Intensity  Duration  Trains  Pulses  Sessions  Measures  Tasks/method  of
assessment
Assessment
points
Reported  effects  Adverse
effects
Papeo  et al.
(2010)
Fo8  (70  mm)  n/a  ER 60%  MSO  pulse  duration
1 ms
n/a  One  per  trial
(350 ms post
stimuli)
1 Accuracy  and
RT  on
congruent  and
incongruent
trials
Mirror  box
visuo-tactile  task
Within  3  s  of
each stimulus
application
Accuracy poorer  for  digit
4  (D4)  than D3,
particularly  when
incongruent.  Post  TMS,
accuracy improved  for
D4 incongruent  trials  -
effects of  conﬂicting
visual information
reduced.
No AEs noted,
no participant
reported
discomfort
Sowden  and
Catmur
(2013)
Fo8  (size  not
stated)
MEPs ≥50  v
in the  FDI
muscle  on  3 of
5  trials
10  Hz 110%  of RMT  4  min per
block
6 pulses  per
trial
3  blocks  x  36
trials each  site:
2  × 3  ×  36  ×  6 = 1296
1  RTs  and  errors
for ﬁnger  lifts
Imitation
suppression  task
(congru-
ent/incongruent
images)
Each  trial  rTMS  over  rTPJ  reduced
ability  to control
tendency to imitate.
Ability to  control
tendency to respond  in  a
compatible  location  not
affected.
Not  reported
upon
Tsakiris  et al.
(2008)
Fo8  (70  mm)  n/a  ER Based  on
individual
comfort  level
(mean =  51%;
range  38–65%
of MSO).
Not  stated  n/a  160.  One  per
trial (350  ms
after  stimuli).
4 blocks  x  40
trials
1 Proprio-
ceptive  drift
(cm)
Rubber  hand
illusion/visuo-
tactile
stimulation/ruler
judgment
Each trial,  post
stimulus and
TMS  (after
3350  ms)
TMS over  rTPJ  inﬂuenced
proprioceptive  drifts.
TMS over  the  vertex  did
not.
Not reported
upon
Clinical applications:  Depersonalisation  Disorder  (DD)
Christopeit
et al.  (2014)
Fo8  (70  mm)  “EMG-
determined.
repeated
weekly”  -  no
further
information
1  Hz  100%  of RMT  30  min  n/a  1800  per
session
3 weeks  plus  3
weeks  (30–42
sessions;  not
stated)
CADSS,  HDRS
HARS,  CGI-S,
CDS,  DES,
BDI–II,
Zung-SAS,  PGI
No  tasks  Baseline  and
after  each
week
Reduction  in anomalous
body  experiences,
alienation  from
surroundings,
anomalous subjective
recall,  and emotional
numbing.
No AEs
observed  or
reported
Jay et al.
(2014)
Not  stated  Lowest
intensity
yielding  MEPs
≥50 mV  in
5/10 trials
1  Hz  110%  RMT  15  min  n/a  900  1 CDS,  BDI,  BAI,
DES, skin
conduction,
subjective
arousal
International
Affective  Picture
System  (IAPS;  16
neutral  v 16
emotional  images)
Pre/post  rTMS,
phone
interview  24  h
post rTMS
rTMS  to  rVLPFC
increased  electrodermal
capacity  (DD).  DD  (not
controls)  showed
increased SFs  post  rTMS.
Both rVLPFC  and rTPJ
rTMS  showed  similar
reduction  in DD
symptoms.
One  mild
headache,  one
mild
difﬁculties
concentrating
and two  felt
‘drunk-like’
after rTPJ  stim.
Mantovani
et al.  (2011)
Fo8  (70  mm)  “EMG-
determined.
repeated
weekly”  -  no
further
information
1  Hz  100%  of RMT  30  min  train  n/a  1800  per
session
3 weeks  plus  3
weeks  (30–42
sessions;  not
stated)
CADSS,  HDRS
HARS,  CGI-S,
CDS,  DES,
BDI–II,
Zung-SAS,  PGI
No  tasks  Baseline  and
after  each
week
After  3 wks  6/12  patients
responded. Five
responders  received  3
more  wks  of  rTPJ  rTMS
showing  68%  DPD
symptoms
improvement.
No AEs
observed  or
reported
Vestibular Function
Kheradmand
et al.  (2013)
Fo8  (70  mm)  n/a  3 × 50  Hz
@ 5 Hz
55%  MSO  40  s n/a  600  2 (active,
sham)
Subjective
visual  vertical
(SVV)
Vertical  line  task  Immediately
pre/post  cTBS
In  cTBS  over  rSMGp,  SVV
was tilted  and  opposite
to head  tilt  direction.  No
tilt after  sham  or cTBS  of
nearby  areas
Reported  no
SEs  from  stim
Kyriakareli
et al.  (2013)
5  cm2 ×  2 n/a  n/a  2  mA  15  min  n/a  n/a  2 (active,
sham;  ≥24  h
gap)
Vestibular
perception
thresholds,
nystagmic
thresholds
Slow rotation  in
dark  task
Before,  during,
and  after
15  min  of  tDCS
VOR/SMP  threshold
increased, ipsilateral  and
contralateral,  during
tDCS.  Stayed  high  post
tDCS.  No effect  of  lTPJ  v
rTPJ on  thresholds.  tDCS
therefore interfering
bilaterally
Not reported
upon
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stimuli relating to the spatial manipulation of bodies (or letters as
control). The mental-own-body transformation task was  intended
to align with out-of-body experiences (OBEs). Single TMS  pulses
were applied at 15 delays ranging from 100–800 ms  post-stimulus
onset. These were collapsed into groups of 100–300, 350–550,
and 600–800 ms  for analysis. Event-related potentials were also
examined in a similar task. The authors reported selective TPJ acti-
vation 330–400 ms  after stimulus onset when volunteers imagined
themselves from an ‘OBE visual perspective’. Interference with the
rTPJ via TMS  at this time impaired mental own-body transforma-
tion relative to a control site. The authors suggest that the TPJ
is critical to our sense of embodiment, our spatial unity of con-
scious self and body. Aside from a lack of sham control, the biggest
question regarding this study is how closely ‘imagining OBEs’
by performing own-body transformation tasks and putting one-
self into an abnormal perspective resembles experiencing an OBE.
Tsakiris et al. (2008) manipulated external object representation-
as-body using a variant of the rubber hand illusion. rTPJ disruption
using erTMS delivered 350 ms  post visuotactile stimulation ren-
dered body-external distinctions more ambiguous, evidence the
authors suggest indicates rTPJ involvement in multimodal inte-
gration of sensory data to maintain our sense of bodily coherence.
Concerns exist about the variance within the small sample, how-
ever, made greater by the use of MSOs ranging from 38% to 65%, both
left and right handed participants, and non-removal of an outlier.
The third study aimed to explore whether the rTPJ is more involved
in the detection or resolution of intersensory conﬂict (Papeo et al.,
2010). The rTPJ was disrupted by erTMS, also delivered 350 ms
post visuotactile stimulation, during trials utilising the mirror-box
illusion. Accuracy was worse for digit 4 (D4) than digit 3 (D3) in
the left hand, particularly in incongruent trials. Post-TMS, accuracy
improved for D4 in incongruent trials. The authors suggest that the
ﬁndings implicate the rTPJ in detection rather than resolution of
multisensory conﬂict.
Three studies applied these ﬁndings clinically in depersonalisa-
tion disorder (DD), a condition characterised by feelings of unreality
and/or detachment from self/surroundings. Two papers stemmed
from the one treatment trial. In the original trial Mantovani et al.
(2011) applied daily 1 Hz rTMS to the rTPJ of 12 outpatients with
DD for 3 weeks. Six patients responded positively. Five of these
received 3 extra weeks of stimulation, showing 68% improve-
ment in DD symptomology. Some partial/non-responders were
then treated with lTPJ stimulation without success. The authors
suggest that the rTMS efﬁcacy was due to dampening rTPJ hyper-
activity in DD. A later paper analysed this data retrospectively to
examine responses in four symptom clusters. After 6 weeks, the
ﬁve responders had reductions in anomalous body experiences
(76% improvement), alienation from surroundings (54%), emotional
numbing (52%) and anomalous subjective recall (57%). The lack of
sham control, experimenter blinding, and small sample size, mean
that these results can only be taken as preliminary. In a study with
a healthy control group (but no sham or researcher blinding), Jay
et al. (2014) used 1 Hz rTMS (15 min, 900 pulses), applied to the
rVLPFC or rTPJ, in order to examine the effects on DD symptoms
and skin conductance capacity in response to neutral or emotion-
inducing images. In patients with DD, rTMS to rVLPFC increased
electrodermal capacity. Patients who had either rVLPFC or rTPJ
rTMS showed a similar reduction in DD symptoms. This again sug-
gests a link between TPJ activity and TPJ-frontal-lobe connectivity
and psychopathology (similar to schizophrenia).
Finally, one study explored the potential relevance of the TPJ
to the types of body image distortions commonly observed in
eating disorders. Cazzato et al. (2014) used 1 Hz rTMS over the
right extrastriate body area (rEBA) and rTPJ, before healthy women
performed size-readjustments on images of their own or other’s
bodies (from subjective or intersubjective perspectives). Whereas
rEBA stimulation increased underestimation bias from the allocen-
tric perspective, rTPJ interference increased underestimation bias
when adjustments were being made to the body of another only.
No modulation was  observed for object size estimation, or in the
no-TMS condition. The authors therefore suggest that the rTPJ has
a role in the representation of the bodies of others, a role which
may  be implicated in perceptual biases relevant to eating disor-
ders. One methodological concern in this study, however, was  the
limited time gap between conditions. rEBA and rTPJ stimulation
(as well as the no-rTMS condition) were conducted in one session,
at least 60 min  apart. Although they were counterbalanced, and the
interval should minimise ﬂow-on effects, sessions on different days
would have been preferable.
In conclusion, evidence from NTS studies suggest a causal
role for the TPJ in vestibular function, differentiation of own-
face from familiar faces, suppression of automatic imitation, sense
of embodiment, and representation of others’ bodies. Regarding
embodiment-related processing, two  further studies following
Blanke et al. (2005) ﬁnd erTMS to be disruptive at approximately
350 ms  post stimulus onset. Most studies focus on the rTPJ. This is
also the focus for rTMS treatment interventions in depersonalisa-
tion disorder. Initial results are promising but very preliminary.
3.3.4. Studies related to social cognition
Eight studies were reviewed in this category (Table 6). Although
diverse, most explore the use and attribution of mental states (men-
talising) in different contexts. Two studies examined the role of the
rTPJ in moral judgments (MJs). Young et al. (2010) used TMS  to
disrupt rTPJ activity transiently before (experiment 1, ofﬂine) or
during MJ  (experiment 2, online, 10 Hz for 500 ms  concurrent with
the onset of each MJ  question). rTPJ disruption (compared to control
site) was  associated with less dependence on actor’s mental states
during MJ,  and attempted harms were judged to be more morally
permissible. That rTPJ stimulation did not affect MJs  around inten-
tional harms raises interesting questions about the speciﬁcity of rTPJ
involvement in MJ.  Contributing to this question further, Jeurissen
et al. (2014) examined MJs  in impersonal and personal dilemmas
while disrupting either the rTPJ or rDLPFC with triple-pulse erTMS
(pulses spaced 150 ms  apart, ﬁrst pulse applied after 1.5, 2, 2.5,
or 3 s after onset of MJ  question). Disruption of the rTPJ affected
only impersonal MJs  (where the person is more emotionally distant
from events and makes more utilitarian judgments), whereas dis-
ruption of the rDLPFC affected only personal MJs  (which are more
emotionally immediate and less ‘cognitive’). TMS applied 2.5 s post
question was  only signiﬁcant time chronometrically. These ﬁnd-
ings suggest a role for the rTPJ in the cognitive reasoning processes
associated with less emotionally-inﬂuenced MJs. In terms of crit-
icisms, neither of these studies employed a sham condition, and
possible cultural/educational confounds do not seem to be consid-
ered (which may  inﬂuence the way a written moral dilemma is
viewed and processed).
Two further studies are relevant to both MJs and mentalising.
Baumgartner et al. (2013) reported that rTMS disruption of the
rTPJ (but not lTPJ) decreased parochial (outgroup) punishment in a
third-party punishment scenario. A mediation analysis suggested
that the motivation of retaliation is the key mediator, and the
authors suggest rTPJ disruption might inﬂuence perspective-taking
and therefore retaliatory parochialism. Giardina et al. (2011) also
used inhibitory rTMS, though applied to both lTPJ and rTPJ (and
control site) in a task involving social-conﬂict scenarios and inten-
tion attribution. rTPJ disruption tended to increase hostile intention
attribution, whereas lTPJ disruption tended to increase attribution
of non-hostile intentionality. Whilst these ﬁndings are compelling,
both studies had limitations. Baumgartner et al. (2013) did not
report on handedness or sham methodology, and both studies can-
not rule out the possibility of impaired basic perceptual processes
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Table 6
Studies relating to social cognition.
Paper  Group/Purpose  Study  type
(BS/WS/control)
Blinding
(P/E)
Participants  n Age  range
(M, SD)
Gender  (F/M)  Medication  Stimulation
procedure
Site  (and  method  of
locating)
Sham/non-site
control  method
Baumgartner  et  al.
(2013)
Parochialism  in
inter-group  conﬂict
BS,  WS,
counterbalanced
rTMS  study,  sham
and  no-TMS
controlled
P: sham
con-
trolled.  E:
not stated
Healthy  males.
Handedness  not
stated
36  (24.3,  4.2)  0/36  Not  stated  rTMS  (Magstim
Rapid)
rTPJ  (MNI  = 57,  −60,
30) or lTPJ
(MNI =  −45,  −60,
21).
Neuronavigated
based  on prior  fMRI
data
Sham  stimulation
(method not
stated).  No-TMS
control condition.
Costa  et  al.  (2008)  DLPFC/TPJ  in  ToM,  and
laterality  effects
WS,
counterbalanced
rTMS  study,  sham
controlled
P:  sham
con-
trolled.  E:
not stated
Healthy  RH
volunteers
11  (22.5,  3) 6/5 Not  stated  rTMS  (Magstim
Rapid)
lDLPFC,  rDLPFC,  lTPJ
(coordinates  not
stated),  rTPJ
(Talairach
coordinates  = 48,
−55, 26).
Neuronavigated
Coil  applied  on  a
target  site
randomly  among
subjects  (method
not  stated)
Giardina  et al.
(2011)
Attribution  of hostile
intentionality
WS,
counterbalanced
rTMS  study,
non-site  controlled,
no sham
P:  none.
E:  not
stated
Healthy  volunteers.
Handedness  not
stated
14  (22,  3) 11/3  Not  stated  rTMS  (Magstim
Rapid2)
rTPJ  (MNI  = 48,  −55,
26); lTPJ
(MNI  =  −48,  −55,
26).
Neuronavigated
based  on prior
study
Medial  occipital
control  site:  Oz  site
of 10–20  EEG
system. No  sham
Jeurissen  et  al.
(2014)
Moral,  cognitive,
emotional  processing
WS,  BS,
counterbalanced,
randomised
chronometric
erTMS study  (no
sham)
P:  none.
E:  not
stated
Healthy  RH
volunteers
17  18–54
(M  = 23.7)
9/8  Not  stated  Triple  pulse  erTMS
(Magstim  Rapid)
rDLPFC  or  rTPJ
(Talairach  = 60,  −40,
19).
Neuronavigated
based on
preliminary  fMRI
data
No  control
condition  (each  site
acting  as an  active
control  for  the
other)
Kelly  et al. (2014)  Attributing  awareness
to  self  and  others
BS,  WS,
counterbalanced,
randomised,  single
pulse  erTMS/fMRI
study, non-site
control (no  sham)
P:  none.
E:  not
stated
Healthy  RH
volunteers  (one  LH)
18 (fMRI  and  TMS)  18–45  7/11  Not  stated  Single  pulse  erTMS
(Magstim  200)
lTPJ
(Talairach  = −44,
−65,  45);  rTPJ  (50,
−65, 36).
Neuronavigated,
based  on peak  fMRI
activation
Coils  shifted  2  cm
anterior  from
lTPJ/rTPJ  sites.  No
sham
Young  et  al.  (2010)  Role  of beliefs  in  moral
judgments
BS,  WS,
counterbalanced,
ofﬂine  rTMS  and
erTMS  bursts
P:  none.
E:  not
stated
1. Healthy  RH
volunteers.  2.
Details  not stated
1.  8.  2. 12  1. 18–30;
2. 18–30
1.  5/3.  2. 7/5  Not  stated  1.  Off-line  rTMS;  2.
erTMS bursts
(Magstim
SuperRapid)
rTPJ  (MNI  tem-
plate: 1.  60,  −54,
34;  2.  52,  −52,  28),
neuronavigated
based on peak  fMRI
activity
Control  region  5  cm
posterior  to the  rTPJ
on the  axial  plane
(plus no-TMS
control).  No  sham
Santiesteban  et al.
(2012)
Enhancing  social
cognition
BS,  randomised
tDCS  study  (anodal,
cathodal, sham)
P:  sham
con-
trolled.  E:
not stated
Healthy  RH
volunteers
49  18–45
(26.5,  6.7)
24/25  Not  stated  Constant  current
tDCS  (ofﬂine;  brand
not  stated)
rTPJ  (CP6,  according
to  10/20  EEG
system). Reference
electrode over
vertex
Sham:  identical  to
anodal  group,  but
stimulator  only  on
for 15  s
Tidoni  et  al.  (2013)  Role  of action
simulation  in
deceptive  action
recognition
WS,  BS,
counterbalanced,
erTMS/rTMS  study,
TPJ  as  active-site
control  (no  sham)
P:  none.
E:  not
stated
Healthy  RH
volunteers
1.  15;  2.  15;  3. 15 1. 19–25
(21.5);  2.
20–24
(21.9); 3.
19–25
(22.0)
1. 6/9;  2.  7/8;  3. 8/7  Not  stated  1.  Single-pulse
erTMS;  rTMS  (2  and
3).  Magstim  Rapid2
1.  lM1  (FDI optimal
scalp position);  2.
lIFC
3.  lTPJ
(Talairach  = −63,
−44, 22).
Neuronavigated
based  on  prior  fMRI
data
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Table 6 (Continued )
Paper  Coil/Cathode/
Anode
RMT  Frequency  Intensity  Duration  Trains  Pulses  Sessions  Measures  Tasks/method
of  assessment
Assessment
points
Reported  effects  Adverse
effects
Baumgartner
et  al.  (2013)
Fo8  (70  mm)  MEP  ≥50  V
with 50%
probability  in
relaxed  muscle
1  Hz  110%  of  RMT  20  min  n/a  1200  per
condition
2 (without
TMS,  with
TMS)
Parochiality
index, trait
scores
Third-party
punishment
paradigm;
SSIS; trait
scales; Emo-
tion/motivation
ratings
Baseline (6–8
weeks  prior  to
rTMS),  then
post  rTMS
Disruption  of  rTPJ,  but
not lTPJ,  reduced
parochial  punishment.
This  is  mediated  by
retaliation  (motive).
No  serious  AEs
or scalp  pain,
neck pain,
headache
Costa  et  al.
(2008)
Fo8  (70  mm) Not  stated 1  Hz  90%  of  RMT  15  min  n/a  Not  stated  5  (Sham,  4
active  sites)
Accuracy,  RTs  ToM  tasks
(false  belief
and faux-pas
stories)
Baseline
(sham), post
rTMS
False  beliefs:  rTMS  over
rDLPFC  and  rTPJ
interfered  with  RTs.
rTMS  over  right/left
DLPFC  and  rTPJ  also
reduced  accuracy  in
perspective  taking  in
faux-pas  tasks
Not  reported
upon
Giardina  et  al.
(2011)
Fo8  (70  mm)  Muscle  twitch
in 3/6
consecutive
trials
1 Hz  90%  of  RMT  Not  stated  n/a  600  per
session
3 (rTPJ,  lTPJ,
control)
Response  type,
RTs
Social-
cognitive  task
requiring
mental-state
attribution  (30
stories)
Post  rTMS  rTPJ  stim:  attribution  of
hostile  intentionality
increased,  non-hostile
intentionality  attribution
decreased.  lTPJ  stim:
opposite  pattern
Not  reported
upon
Jeurissen  et  al.
(2014)
Fo8  (size  not
stated)
n/a  ER  70%  MSO  Not  stated  n/a  192  (3
pulses/trial,  64
trials)
1 Response  type,
RTs
Moral-
impersonal
and  moral-
personal
dilemma  task
Post  TMS  TMS  did  not  affect  RTs.
rDLPFC  disruption
during decision  affects
moral-personal
judgment,  while  rTPJ
disruption  affected  only
moral-impersonal
conditions
Not reported
upon
Kelly  et  al.
(2014)
2  ×  Fo8  (size
not  stated)
n/a  ER  70%  MSO  Not  stated  n/a  One  per  trial,
0.2  s  after
target  dot
2  (fMRI,  then
1–8  weeks,
then TMS)
1.  Awareness
(Likert  1–3).  2.
%  targets
detected
1.  Social
attribution
task  (fMRI);  2.
Visual
detection  task
(TMS)
1.  During  task
(fMRI),  2.
Immediately
post TMS
lTPJ,  rTPJ  TMS:  visual
neglect,  detection  of
visual stimuli  affected.
Control  sites,  no  effect
on visual  detection.  .
4 subjects,
nerve  pain  or
twitch
prevented
testing  both
sites
Young  et  al.
(2010)
Fo8  (70  mm)  n/a  1. 1  Hz;  2.
10  Hz
1.  70%  MSO  2.
60%  MSO
1.  25  min.  2.
500 ms  per
burst
n/a n/a  1. 2  (rTPJ,
control  site).  2.
1
Judgments
from  1
(forbidden)  to
7 (allowed);
RTs
Written  moral
scenarios
1. Post rTMS.
2.  Concurrent
with TMS
bursts
TMS to  rTPJ:  rely  less  on
the actor’s  mental  states;
judge  attempted  harms
as less  morally  forbidden
and  more  morally
permissible
Not  reported
upon
Santiesteban
et  al.  (2012)
2  ×  35  cm2 n/a  n/a  1  mA  20  min  n/a  n/a  1. Cathode,
anode,  OR
sham
1. Imitation
control  (RT
difference);  2.
Accuracy,
movement,
RTs;  3.
Likeliness,  RTs.
4.  Conﬁdence
1.  Control  of
imitation;  2.
Perspective-
taking;  3.
Self-
referential;  4.
Surprise
memory  test
After  tDCS  Anodal  stimulation
improved  on-line
control  of  self-other
representations  in
imitation  and
perspective-taking  tasks
while  not  affecting
attribution  of  mental
states  during
self-referential  task.
Not  reported
upon
Tidoni  et  al.
(2013)
Fo8  (70  mm)  Lowest
intensity
evoking  5/10
MEPs  ≥50  V
6  Hz  (Exp  2
and  3)
1.  120%  of
RMT;  2.  90%  of
RMT;  3.  90%  of
RMT
2  s  per  train  (2
and  3)
ER  12  per  trial  1. One;  2.  Two
(20  min  apart)
1. MEPs  in rFDI
and rFCR;  2
and  3.
Sensitivity
index to  FAD
and SC  tasks,
RTs
Faked-action
discrimination
(FAD)  task;
spatial control
task  (SC)
During  trials
(ER)
No change  in  FAD  task
performance  after
virtual  lesions  to  LTPJ
(control  site).
No  discomfort
or  AEs  during
TMS
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(such as attention) inﬂuencing results. In particular, stimulation of
the control site (‘medial occipital region’) may  inﬂuence response
times also, a point the authors are aware of. Giardina et al. (2011)
also do not specify how far apart the three stimulation sessions
were, so it is unclear if the ‘washout’ period is satisfactory.
Using more traditional mentalising tasks, two  studies also
explored mental state attribution. Costa et al. (2008) used rTMS
to explore mentalising (via false-belief and faux-pas tasks) after
left or right DLPFC and TPJ disruption. Compared to sham, rTMS to
rTPJ or rDLPFC affected false-belief response times, whereas disrup-
tion of lDLPFC, rDLPFC, and rTPJ reduced perspective-taking ability
in faux-pas tasks. Whilst the authors conclude that this is consis-
tent with prior evidence implicating these regions in mentalising,
others have questioned the complexity of items in the false-belief
tasks, suggesting that speciﬁcity of effects are not clear (Perner and
Leekam, 2008; Sowden and Catmur, 2013). Kelly et al. (2014) used a
two step process, whereby the ﬁrst step located peak fMRI activity
during awareness attribution to cartoon faces. The selected regions
(lTPJ, rTPJ) were then transiently disrupted via erTMS (single pulse
presented 200 ms  post-onset of the target dot), while participants
performed a left versus right visual ﬁeld detection task. Participants
in lTPJ or rTPJ (and not control site conditions) displayed partial
visual neglect. In contrast to prominent theories (that mentalising
and attention streams are either separate or opposing/suppressing
processes in the TPJ), the authors propose a model whereby atten-
tion, neglect, and mental-state attribution overlap physically and
functionally, and awareness of self and other are modelled forms of
meta-attention. This is perhaps speculative given the nature of the
study, which links fMRI data on one task with TMS-inﬂuenced data
on a very different task. TMS  also occurred 1–8 weeks after fMRI,
with 50 fMRI participants reduced to 18 for TMS. Of these 18, the
TPJ was stimulated in 13 and the control site in 14. The reasons for
this attrition rate and condition overlap are not clear.
In a study examining deceptive action recognition, the lTPJ was
used as an active control site (Tidoni et al., 2013). erTMS (delivered
when the actor’s hand touches the cube in each video) and rTMS-
induced transient lesions were used to assess inﬂuence on faked-
action discrimination (FAD) task performance. TMS  to the lIFC (but
not to the lTPJ) reduced FAD task performance. The authors use
this ﬁnding to argue that the action observation network has a role
in detection of deceit via bodily movement that is discrete from
mentalising networks.
The ﬁnal and only tDCS study in this section is also the
only study in this review that aims to enhance or facilitate
social cognition in an extended manner, and is therefore of
particular interest. Santiesteban et al. (2012a) applied anodal,
cathodal or sham stimulation to the rTPJ before three tasks
were performed (imitation suppression, perspective-taking, self-
referential). Anodal tDCS enhanced self-other representation
control (imitation, perspective-taking), and did not affect men-
talising in the self-referential task lacking this requirement. The
authors suggest tDCS may  be an effective tool in social cognition
improvement in clinical populations. This study was  not without
limitations, however. Firstly, it did not employ neuronavigation,
and with 35 cm2 electrodes, the question of focality and speciﬁcity
of effects is a valid concern. Also, in the control of imitation task,
the signiﬁcant difference only occurred between anodal and cath-
odal stimulation (and not between anodal and sham stimulation).
Despite this, the ﬁndings show promise, and improved method-
ology (such as the use of HDtDCS) could add to conﬁdence in the
likely beneﬁts of such interventions.
In conclusion, evidence from NTS studies implicate the TPJ in
certain aspects of social moral judgement, hostile intention attri-
bution and out-group punishment, false-belief and faux-pas task
performance (mentalising), and imitation suppression. In many
cases both the lTPJ and rTPJ were stimulated, and in some cases both
hemispheres were involved, albeit in different ways. Stimulation
sites tended to be more posterior than attention or self/other stud-
ies, and focusing on the AG (Fig. 4). Also, several studies stimulated
a site more dorsal than prior studies might have indicated.
4. Conclusion
Although the broad range of goals and methodologies in the
studies reviewed here resist a straightforward synthesis, several
important themes emerge. Regarding methodology, it is encour-
aging to observe the diverse and creative range of techniques
employed to probe or harness TPJ functionality. However, some
common limitations hamper progress in terms of delineating the
speciﬁc roles of the TPJ, functional streams within the TPJ, its
broader functional connectivity, and appropriateness of clinical
stimulation protocols. Of particular importance is the range of
coordinates targeted (Fig. 4) and methods of locating stimulation
sites. Many studies do not employ individualised neuronavigation
techniques, or report on stimulation sites with satisfactory clarity
(particularly clinical studies). Given the inter-individual variation
in TPJ location and structure, and the potential parcellation of func-
tional streams within the TPJ itself, this is no longer adequate. This is
certainly true for TMS  studies, and will also be increasingly impor-
tant in more focalised direct current techniques such as HD-tDCS.
Studies examining attention or visual processing tended to tar-
get the SMG  or the SMG-AG border, which have been associated
with target detection and reorienting (Kubit and Jack, 2013). Lan-
guage/auditory or self/other processing studies stimulated similar
or slightly more posterior sites. Social cognition studies stimulated
more posterior sites focusing on the AG, at times more dorsally than
previous studies might have indicated.
Another limitation is the lack of studies assessing the broader
distributed effects of TPJ stimulation, both in terms of neuro-
physiology and behavioural outcomes. To redress this in part,
using neurophysiological or imaging techniques either concur-
rently or pre-post stimulation should be a priority. Similarly,
assessing non-target cognitive domains should be considered
where possible. Particularly when considering longer-term stimu-
lation paradigms in clinical populations, it is important to be aware
of potential collateral cognitive losses if they exist. A ﬁnal con-
sideration is the use of MSO  or RMTs for deﬁning TMS  intensity.
Most studies in the present review used RMTs. This is preferable
given the superior individualisation of the method, but it is also
acknowledged that further work examining the neurophysiological
impacts of the different methods (and of tDCS intensities and
montages) on underlying (and surrounding) TPJ cortical tissue is
required.
The studies reviewed provide evidence for causal involve-
ment of the TPJ in a range of processes and pathologies,
conﬁrming many of the suggestions made in imaging and lesion
studies. This includes a range of attentional processes (such
as manual IOR for right-sided targets, exogenous reorienting,
neglect, Gestalt perception, gravity-related motion perception,
interception-relevant timing, and optokinesis), speech comprehen-
sion and production, self/other/body processing (such as vestibular
function, differentiation of own/familiar faces, imitation suppres-
sion, embodiment, and representation of others’ bodies), and social
cognition (such as moral judgement, in versus outgroup inten-
tion attribution, and mentalising tasks). With the exception of
speech/language/auditory processing, much research focuses on
the rTPJ, however, a range of functions also involve lTPJ or bilat-
eral activity. This speaks to the extraordinary variability of TPJ
function, highlighting again its critical functional position at the
conﬂuence of multiple sensory streams, and its multimodal integra-
tive role. Questions remain, however, concerning its status as single
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anatomical unit with a common functional role. There are perhaps
three main theoretical perspectives on this question:
1. The TPJ is a uniﬁed anatomical unit carrying out a common func-
tion. This position may  emphasise the primacy of social cognition
(Saxe and Wexler, 2005), attention (Mitchell, 2008), or suggest
that social cognition is a ‘higher-form’ output of ‘lower level’
attentional processes and multisensory testing of internal pre-
dictions (Decety and Lamm,  2007).
2. The TPJ contains functionally discrete areas for social cognition
and attentional processes (Scholz et al., 2009).
3. The TPJ contains both functionally discrete and functionally
integrated/overlapping regions. Structural and functional con-
nectivity analyses tend to identify two or three TPJ subregions
(Kubit and Jack, 2013; Mars et al., 2012). The nexus model
of Carter and Huettel (2013) suggests that various processing
streams (social, attention, memory, language, sensory) converge
at a certain area within the TPJ to establish a social context,
or a decision situation involving another agent and one’s own
response. An alternative perspective proposes a posterior social
cognition subregion (mainly AG), an anterior target detection
subregion (mainly SMG), with a locus for ‘reorienting’ in between
(Kubit and Jack, 2013). In this model, though the two  main
subregions are partially functionally separate, they are mutu-
ally inhibitory, and mediated by the intermediate ‘reorientation’
locus. If maintenance of externally-oriented attention in non-
social tasks (increased SMG  activity) is broken (increased activity
in intermediate locus associated with reorientation of attention),
this reduces suppression of the social subregion which is also
associated with the default mode network (DMN; increased AG
activity). The DMN  is a hypothesised network mainly active dur-
ing inwardly focused tasks such as thinking about the past or
future or conceiving others’ perspectives (Buckner et al., 2008).
Due in part to the reported limitations of prior studies, the
present review cannot make a strong contribution to this the-
oretical debate. More targeted and focal TPJ stimulation studies
with carefully selected social and attentional tasks, combined with
concurrent (high temporal resolution) ﬁne-grained imaging or neu-
rophysiological data would be required to begin to unravel these
propositions. However, some trends can be identiﬁed, and com-
ments made. First, the fact that stimulating a range of sites within
a deﬁned area (TPJ) can inﬂuence performance in myriad tasks sug-
gests the likelihood of at least some level of functional overlap. This
is supported by the only study reviewed that explicitly examined
both attention and social cognition (Kelly et al., 2014). As evi-
dence elsewhere also suggests some level of functional/structural
parcellation within the TPJ (Mars et al., 2012), perspective 3 is
perhaps slightly favoured. Second, the relationship between atten-
tional reorienting and self-other processing/distinction may  prove
to be critical in understanding higher-level TPJ function. When one
considers what might be happening cognitively during mentalis-
ing, numerous higher- and lower-order processes need to be taking
place concurrently. We  need to process tremendous amounts of
raw sensory data (tone of voice, semantics, body language, facial
expression) as well as integrate this with top-down inputs (for
example predictions based on prior experience of a person’s per-
sonality), and rapidly switch between relevant representations of
our own mental/emotional state and that hypothesised for the
other. The TPJ is ideally located and functionally connected to
perform such a unique constellation of tasks. Furthermore, the
‘reorienting’ locus spatially intermediate between the target detec-
tion and social subregions of the TPJ may  be responsible for
orienting attention to salient internal cues as well as external
cues (Kubit and Jack, 2013), and in this way may  also mediate
self/other attributions. In this context, thinking about the way
others think is based on an externalisation of our interoceptive and
reﬂective capacities. Such an explanation is also consistent with
the fact that self/other processing targets are generally intermedi-
ate to social/attention task targets (Fig. 4), and with ﬁndings such as
symptom relief in depersonalisation disorder, improved insight in
schizophrenia, and the link between attributing awareness to self
and others (Kelly et al., 2014). Finally, it is worth noting the rele-
vance of social brain theory. Of cortical areas that have increased in
size at a greater rate in humans than non-human primates, regions
involved in mentalising – including the TPJ – feature heavily (Lewis
et al., 2011; Powell et al., 2012; Rushworth et al., 2009). Volumes
tend to be greater in those with a larger social network. Whilst this
does not resolve the question of whether social cognition is a pri-
mary or secondary TPJ function, the conclusion that its evolution
is linked to social complexity and introspective metacognition is
difﬁcult to avoid.
Regarding clinical applications, signiﬁcant bodies of work link
left posterior temporoparietal regions to auditory hallucinations
and tinnitus (the exact stimulation sites are often unclear, how-
ever). Evidence for rTMS treatment in the former seems more
consistent, and connectivity between the TPJ and the DLPFC appears
inﬂuential in this regard (insight, and some negative symptoms
in schizophrenia may  also be improved). Reports are more mixed
regarding the efﬁcacy of TMS/tDCS treatment of tinnitus, but pos-
itive ﬁndings reviewed here suggest ipsilateral and contralateral
(to affected ear) TPJ stimulation are equally effective. The rTPJ is
the focus for three rTMS treatment intervention papers in deper-
sonalisation disorder (two used the same data set). Results are
promising but very preliminary. Other potential clinical applica-
tions remain speculative. One study found rTPJ involvement in body
image underestimation bias when assessing others’ bodies, creat-
ing a possible link between TPJ function and body-image distortion
in eating disorders. No studies explored potential applicability to
attention deﬁcit disorders, even though the rTPJ appears critical
in exogenous attentional reorienting. Several studies explored and
found links between TPJ function and social cognition, in a range
of tasks known to be challenging in clinical groups such as ASD.
Despite this, and despite evidence that the TPJ is implicated in ASD
(Kana et al., 2014; Lombardo et al., 2011), no studies have exam-
ined the potential effects of TPJ modulation in ASD. These remain
important directions for future research.
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2.4. Epilogue to systematic review 
A number of TS studies targeting the TPJ have been published since the acceptance of this 
systematic review. This section seeks to briefly summarise these according to themes that emerge, 
in particular with reference to aspects of social cognition and mechanisms of TPJ function relevant to 
the studies conducted herein. 
Alerts set up with the databases used for the systematic review yielded 33 new articles since 
the time of its writing. Two of these were relevant and informative narrative review articles 
examining the tDCS/social cognition literature (Sellaro, Nitsche, & Colzato, 2016) and the potential 
clinical relevance of self‐other processing, including TPJ stimulation studies (Eddy, 2016). The 
remaining 31 papers are TPJ stimulation studies, which examine a wide range of domains (Table 1; 
note that some studies explore several domains). Interestingly, 19 of these 31 studies used tDCS, a 
much higher proportion than was found in the systematic review (where only 5 of 40 studies 
identified utilised tDCS). This recent publication history might suggest that interest in the TPJ and its 
potential clinical implications is growing, along with interest in the modulatory impacts of tDCS on 
this region. 
2.4.1. Studies related to attention or visual processing 
Four new studies were found in this category. Two of these used theta burst stimulation (TBS) to 
examine the role of the rTPJ in attentional capture or reorienting (Krall et al., 2016; Painter, Dux, & 
Mattingley, 2015). Krall et al. (2016) also explored performance on a mentalising (false belief) task, 
and found that rTPJ disruption impaired performance in both domains. Performance in the attention 
and mentalising tasks was also correlated, which the authors interpreted through a domain‐general 
lens, suggesting that attention‐shifting may subserve false‐belief reasoning also. Painter et al. (2015) 
found no influence of rTPJ stimulation on either global feature‐based enhancement or contingent 
attentional capture.  
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Table 1  
New studies examining TPJ stimulation according to domain explored and method 
               N  n 
      
Studies related to attention or visual processing  4 
 Reorienting/capture   2 
  Spatial/neglect     1 
  Integration     1 
      
Studies related to speech, language, and auditory processing  7 
 Verbal reality monitoring   1 
  Auditory hallucinations (schizophrenia)    4 
  Tinnitus      3 
      
Studies related to self, other, and bodily awareness processing  11 
     
Studies related to mentalising or relevant sub‐domains of social cognition  12 
 Mentalising     7 
  Cognitive empathy     2 
  Affective empathy     2 
  Autism      1 
  False belief or lie/deception   2 
  Morality/beliefs     4 
  Perspective taking     3 
  Humour      1 
      
Other      2 
 Memory      1 
  Insight/divergent thinking   1 
      
tDCS (total)     19 
     
TMS (total)           14    
 
  Wu et al. (2015) used fMRI and tDCS to examine rTPJ involvement in both top‐down and 
bottom‐up attention. Higher stimulus surprise and cognitive load levels were associated with greater 
bilateral TPJ deactivation and slower responses (which in turn interacted with an observed 
functional connectivity between the TPJ and right frontal eye field). This interaction effect was 
removed by rTPJ cathodal tDCS, which the authors note suggests a critical role for the rTPJ in pre‐
processing bottom‐up information to allow top‐down control. Finally, Platz, Schuttauf, Aschenbach, 
Mengdehl, and Lotze (2016) used TBS to show that rTPJ stimulation could reduce left hemifield 
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visuo‐spatial and visuo‐motor bias, but also that subsequent lTPJ stimulation could reverse this and 
increase leftward bias again. This again highlights the importance of understanding the 
interrelationship between the left and right TPJ, which the authors note may have potential clinical 
implications for conditions such as visual neglect. 
2.4.2. Studies related to speech, language, and auditory processing 
As with the systematic review, the majority of studies in this category were clinical in nature, 
examining either auditory hallucinations or tinnitus. Regarding the former, two studies used tDCS 
(generally cathode over lTPJ, anode over a frontal region) with the aim of reducing auditory 
hallucinations. One pilot study found no effect of either unilateral or bilateral daily TPJ stimulation 
(Fitzgerald, McQueen, Daskalakis, & Hoy, 2014). The other study did find reduced hallucinations (and 
negative symptoms) after tDCS (compared to sham), as well as reduced resting state functional 
connectivity of the lTPJ with several regions (including the left anterior insula; this reduction in turn 
was correlated with reduced hallucination severity) (Mondino, Jardri, et al., 2016). A third study 
examined whether primed (whereby a TMS‐induced prior increase in cortical membrane excitability 
results in a subsequent enhanced inhibition) or non‐primed rTMS would better reduce hallucination 
symptoms in schizophrenia, and found that symptoms were reduced in both groups, but that add‐on 
priming did not significantly improve symptom reduction (Ray, Sinha, & Tikka, 2015). Though not a 
clinical trial, a fourth study was also relevant to both hallucinations and self‐other processing 
(Mondino, Poulet, Suaud‐Chagny, & Brunelin, 2016). Modulating lTPJ activity with tDCS, the authors 
report that anodal stimulation (compared to sham) decreased verbal reality‐monitoring 
performance (‘imagined versus heard’ words) but did not influence verbal internal source‐
monitoring (‘imagined versus said’ words).  
  Regarding tinnitus, two studies found significant reductions in tinnitus severity after lTPJ 
rTMS (Labar, Labar, & Edwards, 2016; Wang, Li, et al., 2016). A further study did not report on 
symptom effects after lTPJ rTMS, instead examining changes in functional connectivity, which they 
did not find (Labar et al., 2016).  
57 
 
2.4.3. Studies related to self, other, and bodily awareness processing 
Aside from the Mondino, Poulet, et al. (2016) study, a further 10 studies of characteristic diversity 
examined some aspects of self‐other processing. Three studies looked specifically at the role of the 
rTPJ in the control of shared representations (Bardi, Gheza, & Brass, 2016; Liepelt et al., 2016; Payne 
& Tsakiris, 2016). Two of these found evidence for anodal tDCS altering self‐other processing in 
terms of enhancing self‐ or other‐related cognitive bias (Bardi et al., 2016; Payne & Tsakiris, 2016). In 
contrast, a third tDCS study found no support for a direct role of the rTPJ in self‐other conflict 
resolution (as measured by an auditory joint Simon task), instead reporting an influence of the 
anterior ventral medial frontal cortex (Liepelt et al., 2016). 
  In a related approach, two tDCS studies examined whether rTPJ stimulation would influence 
the ability to inhibit imitation or modulate views/perspectives related to self or other (Santiesteban, 
Banissy, Catmur, & Bird, 2015; Sowden, Wright, Banissy, Catmur, & Bird, 2015). The former reported 
bilateral TPJ involvement in visual perspective taking and imitation inhibition, but found no direct 
influence of TPJ modulation in either hemisphere on mentalising task performance (Santiesteban et 
al., 2015). The latter study extends the potential self‐other conflict‐resolution role of the TPJ beyond 
initial sensory processing, to higher level cognition, suggesting that anodal tDCS can improve lie 
detection, but only when one’s own views/beliefs are in conflict with others (Sowden et al., 2015).  
  Five studies examined aspects of body perception, including own/other and abnormal body 
perception (Cazzato, Mian, Serino, Mele, & Urgesi, 2015; Daltrozzo, Kotchoubey, Gueler, & Karim, 
2016), embodied perspective taking (Wang, Callaghan, Gooding‐Williams, McAllister, & Kessler, 
2016), vicarious pain/touch (Vandenbroucke, Bardi, Lamm, & Goubert, 2016) and the subjective 
visual vertical (Fiori, Candidi, Acciarino, David, & Aglioti, 2015). All studies targeted the rTPJ, though 
not all studies found rTPJ modulation to be influential regarding functioning in the domains 
explored. Daltrozzo et al. (2016) found that rTMS of a control site (5 cm posterior to rTPJ) produced 
as many abnormal body perceptions as rTPJ stimulation, concluding that the rTPJ did not necessarily 
have a specific role in such processes. Similarly, Vandenbroucke et al. (2016) reported that neither 
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anodal nor cathodal tDCS reliably influenced detection accuracy or vicarious experiences regarding 
congruent/incongruent somatosensory/visual information. In contrast, the remaining studies did 
report significant impacts of rTPJ modulation. Perhaps most interestingly, in the context of the 
present thesis, was the novel study of Wang, Callaghan, et al. (2016), which used both 
magnetoencephalography (MEG) and dual‐pulse TMS to examine the involvement of the rTPJ in 
embodied perspective taking. The latter reduced embodied processing performance, which the 
authors also observed was associated with a convergence of theta oscillatory power at the rTPJ, and 
infer that this process may be important to both physical and mental perspective taking, linking the 
process therefore to both self‐other processing and mentalising. 
2.4.4. Studies related to mentalising or relevant sub‐domains of social cognition 
Three studies used traditional mentalising tasks such as false belief reasoning (Krall et al., 2016) or 
mental/emotional state attribution/inference (Mai et al., 2016; Santiesteban et al., 2015). The 
former study used rTMS, the latter studies tDCS, and all targeted the rTPJ. Two studies found 
evidence for rTPJ involvement in mentalising (Krall et al., 2016; Mai et al., 2016) and one did not 
(Santiesteban et al., 2015), although this latter study did support direct involvement of the rTPJ in 
imitation inhibition and visual perspective taking.  
  Numerous studies also explored TPJ involvement in a number of domains that depend on or 
relate to mentalising, including morality‐related processes (Gamond & Cattaneo, 2016; Leloup, 
Dongo Miletich, Andriet, Vandermeeren, & Samson, 2016; Sellaro et al., 2015; Ye et al., 2015), 
humour appreciation (Slaby et al., 2015), perspective taking (Santiesteban et al., 2015; van Elk, 
Duizer, Sligte, & van Schie, 2016; Wang, Callaghan, et al., 2016) and affective empathy (Gamond & 
Cattaneo, 2016; Vandenbroucke et al., 2016). It is beyond the scope of this epilogue to examine all 
of these in detail. However, of particular interest with reference to the current thesis is the Slaby et 
al. (2015) paper, as it is the first study, to the author’s knowledge, that uses HD‐tDCS to explore TPJ 
function. Targeting the lTPJ with a 4 x 1 electrode montage, the authors report reduced humour 
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appreciation in the anodal condition (compared to cathodal or sham stimulation), which they 
interpret in part via modulation of mentalising network activity. 
2.4.5. Other studies 
Two other studies were found that resist placement in to the categories used above. The first is 
potentially of relevance to the later interpretation of the findings of the present thesis, and is also 
interesting in terms of combining stimulation and pharmacological interventions. Targeting memory 
in an exploratory trial to inform future dementia research, participants in the Prehn et al. (2017) 
study received either selective serotonin reuptake inhibitors (SSRIs), anodal tDCS to the right 
‘temporoparietal cortex’, or both. The most positive outcome was for combined SSRI/tDCS in terms 
of memory formation, followed by SSRIs alone, then tDCS alone (which did not have a significant 
individual impact). This study highlights both the relevance of the TPJ to memory processes, but also 
the importance of better understanding interactions with underlying biochemistry (including 
neurotransmitter concentrations) in order to possibly increase the potential of both pharmacological 
and stimulation‐based interventions.  
  The second study is also of interest, but perhaps more with reference to theories of TPJ 
function and how the TPJ might contribute to higher‐order processing (rather than contributing 
solely via early multisensory integration processes). Using tDCS to modulate rTPJ activity and 
subsequent impacts on aspects of creativity, Goel, Eimontaite, Schindler, and Goel (2015) report 
impacts on both insight and divergent thinking tasks, with differences also observed between native 
and non‐native speakers. Inferences based on such preliminary findings are inevitably speculative, 
but it is perhaps plausible to suggest that the “switching” role of the TPJ (between top down and 
bottom up, internal and external stimuli, and possibly even sensory modalities) may be important to 
numerous broader and complex processes.
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2.4.6. Closing comments 
The growth of interest in the TPJ and its potential roles/applications is evidenced by the rapid 
expansion in the stimulation literature, particularly with regard to tDCS. Many of the same criticisms 
made in the systematic review are relevant to the new studies (for example, regular tDCS stimulates 
too broad an area to be highly confident regarding roles of distinct regions, control sites/tasks are 
often absent). However, some positive signs also emerge in the new literature, particularly with 
regard to increased use of combined methodologies to explore neurobiology/physiology as well as 
behavioural outcomes, which paves the way for better understanding the complexity of the relevant 
neural systems and effects of interventions. Techniques for improved accuracy and focality, such as 
neuronavigated TMS or HD‐tDCS, are also becoming more common, which will gradually improve 
communication, confidence, and translation of results. 
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Chapter 3: Additional introduction and rationale for the empirical papers 
3.1. Broad rationale 
Given the roles and potential clinical implications of the TPJ outlined in the introductory chapters, 
the TPJ appears to be an ideal candidate region for exploration of modulation in ASD. Furthermore, 
the site is more accessible to stimulation, and likely to be less aversive, than some other areas 
relevant to social cognition (such as the mPFC). Although some stimulation studies have examined 
TPJ function during social cognition tasks, none have used HD‐tDCS to explore mental or emotional 
state attribution and/or self‐other processing. Traditional tDCS stimulates large cortical areas, 
rendering confident inferences regarding local process and function difficult to make. Furthermore, 
studies often fail to utilise concurrent neurophysiological measures, and rarely do they link either 
behavioural or neurophysiological outcomes with either ASD or autism‐relevant trait scores.  
3.2. Broad aims 
This study seeks to redress these limitations. Its broad aims are to determine whether HD‐tDCS to 
the rTPJ (anodal or cathodal versus sham) can modulate mentalising and self‐other processing 
performance, to explore the temporospatial neurophysiological effects of stimulation, and examine 
the links between the behavioral and neurophysiological outcome domains where possible. It also 
seeks to assess associations between autism‐relevant traits and pre‐stimulation social cognitive 
performance, as well as exploring the interaction between autism‐relevant traits and pre‐post HD‐
tDCS outcomes. A further discussion point, beyond the scope of the present investigation, is to 
potentially provide justification for clinical TPJ stimulation trials (for example in ASD). 
3.3. Broad hypotheses 
(i) Active stimulation (anodal and/or cathodal HD‐tDCS) to the rTPJ will influence RTs and 
accuracy in mental/emotional state attribution and self‐other processing tasks, relative to sham 
stimulation.  
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  (ii) Active stimulation (anodal and/or cathodal HD‐tDCS) to the rTPJ will influence EEG 
outcomes (event‐related potentials during emotion attribution, and resting state spectral power) 
relative to sham stimulation, and effects may also vary according to hemisphere. 
  (iii) Autism‐relevant traits will predict pre‐stimulation mental/emotional state attribution 
performance. 
  (iv) Autism‐relevant traits will interact with the response to stimulation in terms of 
differentially predicting pre‐post stimulation mental/emotional state attribution performance, as 
well as EEG outcome differences. Effects may also vary according to hemisphere. 
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4.2. Additional introduction material for the first empirical paper  
The first empirical paper is currently under peer review. The paper was submitted as it appears in 
Chapter 4. The following paragraphs provide additional introductory material to this paper, given 
that the journal word limit allowed a very brief introduction only.  
Social cognition refers to processes by which we understand the mental and affective states 
of others (Adolphs, 2009). Two important sub‐domains of social cognition are theory of mind and 
self‐other processing. Imaging, lesion, and stimulation studies point to a number of brain regions 
associated with mentalising, with the medial prefrontal cortex (mPFC) and temporoparietal junction 
(TPJ) consistently implicated (Amodio & Frith, 2006; Saxe & Kanwisher, 2003). One comprehensive 
meta‐analysis of functional magnetic resonance imaging (fMRI) data found the TPJ and mPFC to be 
the most frequently implicated mentalising regions, with the former more involved in the inference 
of temporary intentional/affective states, and the latter with more enduring forms of interpersonal 
processing (Van Overwalle, 2009). Another recent meta‐analysis of fMRI studies supported this 
distinction, observing increased relative TPJ activation for mental state attribution tasks such as the 
Reading the Mind in the Eyes task (RME), whilst tasks involving false belief reasoning or 
consideration of enduring personality/traits were more likely to correlate with greater mPFC activity 
(Schurz, Radua, Aichhorn, Richlan, & Perner, 2014).   
  The TPJ has also been implicated in self‐other processing. Whilst the language concerning 
this domain, for example what aspect of ‘self’ is being referred to, is not always clear or consistent, 
the relevant literature appears to focus on three main levels. ‘Self’ may refer to  the sensory (or 
physical or object) self, the embodied (or agent self), and the conscious (or experiencing or 
subjective) self. The TPJ may be involved in (or contribute to) all three. Regarding the former, an 
example is the integration of multisensory information at the right TPJ (rTPJ; such as visual, 
vestibular and proprioceptive information) helping to maintain perceptions of verticality, a 
perception which Fiori et al. (2015) found to be impaired after TBS. At this level, self‐related 
information is not yet attributed to the subjective self (the knower), but is processed as an object 
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(the known). Relationships with agency and higher levels of self perhaps begin with embodiment, 
the sense of spatiotemporal unity between the physical self and experiencing self. For an example of 
TPJ implication, rTPJ subdural stimulation resulted in repeated out‐of‐body experiences in one 
epilepsy patient (Blanke, Ortigue, Landis, & Seeck, 2002). The same research group reported that 
interfering with rTPJ via TMS impaired mental own‐body transformation task performance, relative 
to a control site, which the authors interpreted as a disruption of normal embodiment processing 
(Blanke et al., 2005). From studies such as these, or those involving techniques such as the rubber 
hand illusion (Tsakiris, Costantini, & Haggard, 2008), the link between the processing of self‐related 
sensory information, embodiment, and perceived ownership of actions (and perhaps even thoughts, 
the combination of which with actions could be said to constitute sense of agency) seems likely, as 
does the involvement of the rTPJ (Christoff, Cosmelli, Legrand, & Thompson, 2011a, 2011b). The link 
between these aspects of self and the conscious/subjective self (the experiencing I) remains 
relatively speculative, however. Debate regarding these distinctions and relevant brain anatomy is 
explored further elsewhere (Baars, Ramsøy, & Laureys, 2003; Christoff et al., 2011a, 2011b; 
Northoff, 2011; Northoff, Qin, & Feinberg, 2011).  
In terms of potential future clinical applications of TPJ stimulation, it is important to 
establish that TPJ activity can indeed be modulated, and that this can have reliable impacts on 
specific domains of social cognition. Several TS studies have begun this process, as recent reviews 
have observed (Donaldson, Rinehart, & Enticott, 2015; Eddy, 2016; Sellaro et al., 2016). Recent TMS 
studies, for example, have explored TPJ involvement in functions as diverse as embodied perspective 
taking (Wang, Callaghan, et al., 2016), attentional reorienting, resting state morphology, false‐belief 
reasoning (Hartwright, Hardwick, Apperly, & Hansen, 2016; Krall et al., 2016), and body‐ and 
embodiment‐related perceptions (Daltrozzo et al., 2016; Fiori et al., 2015). A number of tDCS studies 
have also begun to explore TPJ involvement in social cognition (Sellaro et al., 2016); these and 
mechanisms of tDCS action are explored further in the introduction proper in Chapter 4. 
62 
 
Most tDCS studies suffer from the limitation of low target focality, and most studies in 
general from the absence of combined behavioural and imaging methodology (Sellaro et al., 2016). 
Regarding the former, most tDCS studies exploring TPJ function use two large electrodes that 
stimulate large parietofrontal regions, thereby likely having modulatory impacts on non‐target sites 
and making interpretation of results more tentative. Regarding the latter, combining tDCS with both 
behavioural and electrophysiological outcome data can assist with better understanding the 
spatiotemporal influence of tDCS protocols, how they influence local and regional polarities, and 
how these impacts might relate to functional outcomes. To these ends, we employed HD‐tDCS to 
improve focality (Dmochowski, Datta, Bikson, Su, & Parra, 2011; Villamar et al., 2013), and used EEG 
to explore neurophysiological processes.  
The aims of the empirical study 1, as discussed in Chapter 4, were to explore whether anodal 
and/or cathodal HD‐tDCS would influence social cognition task performance relative to sham, and 
also whether task performance changes were related to EEG outcomes, depending on group 
(anodal, cathodal, or sham). Whilst the EEG aspect of the study could be considered exploratory, 
previous studies involving resting state activity at different bandwidths and common ERPs associated 
with face processing tasks (in particular the P100, N170, and P300) resulted in these outcome 
measures being the specific foci of the present exploration (Aoki et al., 2015; Boonstra, Nikolin, 
Meisener, Martin, & Loo, 2016; Capotosto, Babiloni, Romani, & Corbetta, 2013; Cygan, Tacikowski, 
Ostaszewski, Chojnicka, & Nowicka, 2014; Shim et al., 2016; Webb et al., 2006).  
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Abstract 
The temporoparietal junction (TPJ) has been implicated in mentalising and self‐other processing. 
Studies have demonstrated modulation of social cognition via TPJ transcranial direct current 
stimulation (tDCS), however, this technique lacks focality and electrophysiological effects have 
generally been unexamined. The present study explored whether anodal and/or cathodal high‐
definition tDCS (HD‐tDCS) would influence mentalising/self‐other processing performance relative to 
sham stimulation, and whether task performance changes were related to neurophysiological 
changes. Participants completed mental state and facial emotion attribution tasks, and a self‐other 
face‐morphing task, before and after rTPJ HD‐tDCS. Resting state electroencephalography (EEG) and 
event‐related potentials (ERP) were recorded pre‐ and post‐stimulation. Anodal rTPJ HD‐tDCS 
improved facial emotion processing performance for static depictions of fear (but not surprise). 
Stimulation condition influenced N170 and P300 ERP components, as well as resting state power, 
with hemispheric effects. Following anodal stimulation, right hemisphere N170 latency had a strong 
positive relationship with reaction times for fearful faces. Results suggest that rTPJ anodal HD‐tDCS 
can affect facial emotion recognition (i.e., affective mentalising), and elucidate the nature and 
distribution of underlying neurophysiological processes. Stimulation effects, however, might depend 
on the intensity and salience/valence (negativity/threat) of the emotion, and may influence 
excitation/inhibition balance between the left and right TPJ. 
 
Keywords: HD‐tDCS; EEG; TPJ; temporoparietal junction; social cognition 
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Introduction 
Social cognition is multi‐faceted. Two critical sub‐domains are theory of mind (ToM; alternatively 
called mentalising), which refers to the capacity to infer and reflect upon the mental states of 
agents, for example intentions, feelings, and beliefs (Baron‐Cohen, Leslie, & Frith, 1985; Frith & Frith, 
2003), and self‐other processing (cognitive processes pertaining to self and to other and their 
distinction). Imaging, lesion, and stimulation studies have implicated  the  temporoparietal junction 
(TPJ) in mental and emotional state inference and attribution (Amodio & Frith, 2006; Biervoye, 
Dricot, Ivanoiu, & Samson, 2016; Saxe & Kanwisher, 2003; Schurz, Radua, Aichhorn, Richlan, & 
Perner, 2014; Van Overwalle, 2009), as well as aspects of self‐other processing including face 
recognition, sense of embodiment, and perceived ownership of actions (Blanke et al., 2005; Blanke, 
Ortigue, Landis, & Seeck, 2002; Heinisch, Dinse, Tegenthoff, Juckel, & Bruene, 2011; Tsakiris, 
Costantini, & Haggard, 2008). 
Mentalising and self‐other processing at the TPJ may function separately, may inform each 
other, or may be different applications of a domain general process such as contextually updating 
internal models of the environment (Geng & Vossel, 2013). If the TPJ is involved in switching 
between self‐ and other‐related representations, it could be hypothesised that this process may 
contribute to mentalising; that is, switching between incoming self‐ and other‐related stimuli and 
existing relevant self‐ and other‐related representations may assist in identifying and evaluating the 
mental/emotional states of both self and other. fMRI data support this functional overlap at the 
right TPJ (rTPJ) (Moriguchi et al., 2006; Vogeley et al., 2001). Such findings also raise the possibility 
that TPJ dysfunction may be a source of aberrant ToM/self‐other processing in relevant clinical 
presentations, such as autism spectrum disorder (ASD), Tourette syndrome, schizophrenia, and 
obsessive compulsive disorder (Eddy, 2016).  
A number of transcranial direct current stimulation (tDCS) studies suggest that TPJ 
modulation can influence performance on various aspects of mentalising and self‐other processing, 
or related constructs such as moral reasoning, cognitive empathy, perspective taking, imitation 
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inhibition, humour appreciation, lie detection, vicarious experience, and integrating top‐down and 
bottom‐up attention (Leloup, Dongo Miletich, Andriet, Vandermeeren, & Samson, 2016; Mai et al., 
2016; Santiesteban, Banissy, Catmur, & Bird, 2015; Sellaro et al., 2015; Slaby et al., 2015; Sowden, 
Wright, Banissy, Catmur, & Bird, 2015; Vandenbroucke, Bardi, Lamm, & Goubert, 2016; Wu et al., 
2015; Ye et al., 2015). tDCS delivers low currents via scalp electrodes to cortical areas, which can 
modulate membrane potentials and cortical excitability in a transient manner. Though the impacts 
of varying protocols are complex (Horvath, Carter, & Forte, 2014), anodal tDCS generally promotes 
depolarisation of resting membrane potentials in underlying cortical tissue (increasing rates of 
neuronal firing), while cathodal tDCS is understood to promote hyperpolarisation and reduce firing 
rates (Nitsche et al., 2008).  
The majority of these studies, however, suffer from the common limitations of low target 
focality and the absence of combined behavioural and imaging methodology (Sellaro, Nitsche, & 
Colzato, 2016). To these ends we employed high‐definition tDCS (HD‐tDCS), using a 4 x 1 electrode 
montage to improve focality (Dmochowski, Datta, Bikson, Su, & Parra, 2011; Villamar et al., 2013), 
and also utilised EEG (electroencephalography) to examine neurophysiological processes.  
EEG outcomes explored here included event‐related potentials (ERPs; P100, N170 and P300) 
during facial emotion processing and resting state power (eyes open and closed), pre‐ and post‐
stimulation. The P100 is thought to represent the degree of ‘attentional capture’, and studies of 
facial emotion processing have suggested that amplitudes and latencies in occipitoparietal areas 
may be sensitive to both faces and emotional valence (Batty & Taylor, 2003; Herrmann, Ehlis, 
Ellgring, & Fallgatter, 2005; Mavratzakis, Herbert, & Walla, 2016; Pizzagalli, Regard, & Lehmann, 
1999). The N170 is considered to reflect semantic identification, in this context collating facial 
features into a holistic representation (Klimesch, Sauseng, & Hanslmayr, 2007; Mavratzakis et al., 
2016). Source localisation during face processing implicates regions overlapping with the TPJ (Itier & 
Taylor, 2004; Mavratzakis et al., 2016). Intensity and salience of face emotion can influence the 
N170, which is larger/later when viewing fearful rather than surprised faces (Batty & Taylor, 2003). 
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The P300 is reported in frontal and centroparietal regions, is highly varied, and involves a collection 
of higher order processes contributing to decision making and evaluation, such as change detection, 
working memory updating, categorisation of emotion, and cognitive closure (Izurieta Hidalgo et al., 
2016; Linden, 2005; Shim et al., 2016). Like the P100 and N170, prior studies suggest P300 amplitude 
and latency and amplitude may be sensitive to emotion valence and intensity (Izurieta Hidalgo et al., 
2016; Lang, Nelson, & Collins, 1990).  
Whilst prior studies have observed tDCS‐induced changes in EEG outcomes (Boonstra, 
Nikolin, Meisener, Martin, & Loo, 2016; Mangia, Pirini, & Cappello, 2014; Schestatsky, Morales‐
Quezada, & Fregni, 2013), no studies have used combined HD‐tDCS/EEG to explore rTPJ function. 
This study will therefore inform the debate around TPJ function, for example by potentially 
identifying candidate neurophysiological mechanisms that may mediate behavioural outcomes 
associated with mentalising and self‐other processing. Secondarily, in terms of possible future 
clinical applications of TPJ stimulation, it is important to establish what type of neurophysiological 
activity can indeed be modulated, and how reliable the impacts might be on specific domains of 
social cognition.  
The key aims of the present study, therefore, were to explore whether anodal and/or 
cathodal HD‐tDCS would influence social cognition task performance (mental and emotional state 
attribution and self‐other face processing) relative to sham stimulation, and also whether any task 
performance changes could be related to EEG outcomes. A double‐blind, randomised study, the 
design comprised both between‐group (anodal, cathodal, or sham) and within‐group (pre‐ and post‐
stimulation) aspects. Both anodal and cathodal stimulation were used, as it was uncertain what 
impact each might have when employed in the present context, and for exploration regarding the 
possibility of future neuromodulatory applications.  
Methods 
Participants 
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56 participants provided informed consent. Participants were screened via safety guidelines for 
transcranial stimulation (Rossi, Hallett, Rossini, & Pascual‐Leone, 2009) and the MINI International 
Neuropsychological Interview (Lecrubier et al., 1997). Two were excluded as they did not meet 
eligibility criteria, and one was excluded due to technical issues (HD‐tDCS failure). The final sample 
comprised 53 healthy right‐handed (confirmed using the Edinburgh Handedness Inventory (Oldfield, 
1971) volunteers aged 18‐40, with normal or corrected‐to‐normal vision. All protocols were 
approved by the human research ethics committee of Deakin University. Participant demographics 
are outlined in Table 1. There were no significant differences between groups on any factor, with the 
exception of sex (condition 2 having significantly more females than condition 3). Time of day tested 
was also recorded and assessed, as it has been suggested that circadian factors and the physiology 
of sleep/wake states may mediate plasticity and responses to stimulation (Li, Uehara, & Hanakawa, 
2015). 
Table 1: Participant characteristics as per group. 
  
Variable  Sham (n = 18)  Cathodal (n = 18)  Anodal (n =17)  ANOVA statistics 
(Cramer's V for Sex)
 
M  SD M SD M SD F  p
Age  26.5  6.6 24.4 4.4 24.3 5.4 0.90  .41
Years of education  17  2.6 17.3 2.6 17.4 3.4 0.10  .91
Time of day tested  11:34  2.6 11:52 2.6 11:00 2.4 0.20  .82
EHI  0.88  0.2 0.83 0.2 0.85 0.2 0.24  .79
AQ  12.9  7.1 12.4 5.6 13.6 6.8 0.14  .87
Sex  10 F  8 M 14 F 4 M 6 F 11 M  V = .35  .04*
Note: EHI = Edinburgh Handedness Inventory; AQ = Autism‐Spectrum Quotient total score; V = Cramer's V.  
 
*Post‐hoc testing suggests condition 2 (cathodal) differs from condition 3 (anodal) with regards to sex (p = .03). No other 
significant differences. 
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Procedure 
Participants completed the Autism‐Spectrum Quotient (Baron‐Cohen, Wheelwright, Skinner, Martin, 
& Clubley, 2001) and the Social Responsiveness Scale, Second Edition (SRS‐2) (Constantino & Gruber, 
2012)to characterise traits relevant to autism and social cognition proficiency. 
Participants were fitted with an EEG cap (www.easycap.de/), and the sites for HD‐tDCS 
electrodes marked (Figures 1 and 2). The cap was then removed. HD‐tDCS electrode sites were 
cleaned with abrasive paste and alcohol swabs, before fixing electrodes (20mm diameter circular 
rubber, supplied by NeuroConn) into position with Ten20 conductive paste. The montage was 
chosen according to optimal current intensity and focality, based on Soterix neurotargeting software 
(http://soterixmedical.com/software). The configuration, current at each electrode, and modelling 
of stimulation intensity (for anodal stimulation) are displayed in Figure 2. An impedence check was 
carried out to ensure impedence was < 50 kΩ (neuroConn, 2014) prior to replacing the EEG cap. HD‐
tDCS electrode positions were re‐checked, and single Ag‐AgCl sintered ring electrodes were fastened 
to the cap at the sites displayed in Figure 1 and conductive gel applied. A 64‐channel SynAmpsRT 
amplifier was used for acquisition (Compumedics Neuroscan, Charlotte, NC; 
http://compumedicsneuroscan.com). EEG recordings were in DC at a sampling rate of 1000 Hz. 
Impedences were kept below 5 kΩ where possible (with all impedences kept below 10 kΩ). Two 
experimenters completed this setup process. The second experimenter then left the room before 
the next stage. 
Participants were seated in a darkened room, with eyes 60cm from the computer monitor 
(www.benq.us/product/monitor/XL2420TE/specifications). They sat for two minutes during resting 
state (eyes open) EEG recording, during which they were instructed to focus on a white fixation cross 
in the centre of the blackened screen. EEG was then recorded for two minutes while participants 
were asked to keep their eyes closed.  
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Figure 1: Diagram of EEG electrode layout (green circles) and HD‐tDCS electrode montage (yellow circles 0.5 mA 
each, navy blue circle 2 mA, polarity depending on anodal or cathodal condition). Electrodes were also placed 
on each mastoid, above and below the left eye, and on the lateral canthus of each eye. The ground electrode 
was placed centrally on the forehead.  
 
Computerised social cognition tasks were then undertaken, all presented using E‐Prime v2.0, 
Psychology Software Tools Inc.; http://www.pstnet.com/prime). EEG was recorded during the FST, 
with triggers marking stimulus onset. The Reading the Mind in the Eyes task (RME) is a widely used 
instrument for assessing mentalising and facial affect recognition (Baron‐Cohen, Wheelwright, Hill, 
Raste, & Plumb, 2001). It contains 36 images of people’s eye region, with one descriptive word in 
each corner of the screen. Participants indicated, via keyboard, the word best describing each 
person’s mental/emotional state. Correct answers were scored 1, incorrect answers 0, yielding a 
total accuracy score. Stimulus presentation was randomised pre‐ and post‐stimulation.  
The Fear Surprise Task (FST), also referred to as the Static and Dynamic Emotion Recognition 
Task (Enticott, Johnston, Herring, Hoy, & Fitzgerald, 2008; Johnston et al., 2010), assesses facial 
emotion recognition. Presentation of dynamic/static and fear/surprise faces (shown in colour against 
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a black background) were randomised across 96 trials. The number of correct responses, and the 
reaction time (RT) for each trial were recorded to provide outcome measures of total accuracy and 
average RT.   
 
Figure 2. Montage and Soterix modelling for cathodal stimulation of the rTPJ. Polarities are reversed for anodal 
stimulation. For anodal stimulation, the central electrode (P6) was the anode, with the other four electrodes 
(C6,  TP8,  PO8,  P2)  collectively  forming  the  cathode  (see  also  Figure  1).  The  reverse  polarity  arrangement 
constituted cathodal stimulation. Active stimulation  (anodal or cathodal) applied a current  intensity of 2 mA 
(split evenly between electrodes) for 20 minutes, with a 30 second ramp‐up and ramp‐down at the beginning 
and end. Sham stimulation was also 20 minutes, but contained only three short, intermittent bursts of active 2 
mA stimulation (totalling 230 seconds, each burst with a 30 second ramp‐up and ramp‐down). 
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The Self‐Other Face Morphing task (SOFM) explores self‐other processing and is based on a 
task used previously (Heinisch, Dinse, Tegenthoff, Juckel, & Bruene, 2011; Heinisch, Krüger, & Brüne, 
2012). Please refer to these references, Figure 3, and the supplementary materials for more detail.  
 
Figure 3: Typical images used in Self‐Other Face Morphing task. Reproduced with permission from Heinisch et 
al. (2011). Subjects responded, via keypress, to dynamic videos, at the moment when they determined that the 
image had morphed into the second person (self, other, or famous). All videos were 6 s long and played in full, 
irrespective of when the response occurred, so as not to reward earlier RTs (time elapsed between video onset 
and keypress).   
 
At this point, the second experimenter returned to the room. The first experimenter then 
left the room, so as to remain blinded. An impedance check was carried out on HD‐tDCS electrodes. 
HD‐tDCS was applied to the rTPJ using a NeuroConn DC‐Stimulator (MC Version; 
http://www.neurocaregroup.com; see Figure 2 for protocol details). Participants were seated in a 
non‐darkened room during stimulation, and were not engaged in any activities. EEG was not 
recorded during stimulation. 
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After HD‐tDCS experimenter two left the room again and experimenter one returned. 
Resting state recording and then social cognition tasks (different order) were repeated. Afterwards, 
participants completed a survey regarding tolerability of stimulation and guessing stimulation 
condition.  
EEG data analysis 
EEG data were processed and analysed offline using Curry 7 Neuroimaging Suite 
(http://compumedicsneuroscan.com). Data were baseline corrected, re‐referenced to the average of 
the two mastoids, and band pass filtered (1‐30 Hz). Oculomotor artefacts were identified (vertical, 
100 uV; horizontal, 130 uV) and covaried. Bad blocks were also identified (±75 uV, as well as visually) 
and marked for exclusion from further analysis. For resting state data, back‐to‐back one‐second 
epochs were saved and averaged. Power analysis was carried out across delta (<3 Hz), theta (3‐8 Hz), 
alpha (8‐12 Hz) and beta (12‐30 Hz) bandwidths for each electrode. Overall, 88% of epochs were 
retained for analysis for both eyes closed and open. For FST, data were epoched from 200 ms pre‐
trigger to 800 ms post‐trigger, for static images only. Outliers were rejected via visual inspection. 
Overall, 86% of trials were retained for analysis. All event groups were averaged. Minimum and 
maximum peaks (and latencies) were extracted for the following ERP components: P100 (50‐150 ms; 
P7 and P8), N170 (120‐220 ms; P7 and P8) and P300 (300‐450 ms; F3, FZ and F4). These time ranges 
and channel selections (as well as reference and ground electrode choices) were based on prior 
usage (Izurieta Hidalgo et al., 2016; Shim et al., 2016).  
General data analysis 
All statistical procedures were carried out in SPSS Version 22. Data were screened for normality and 
outliers. The latter were winsorised, and the appropriate procedures were adopted to manage the 
former (transformations when possible or non‐parametric alternatives used when not).  
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Results 
Post‐Stimulation Questionnaire 
For results regarding the post‐stimulation questionnaire, refer to the supplementary materials 
(Figure A and Table A).    
Behavioural Data 
Regarding the RME, with the exception of a main effect of time, mixed‐modal ANOVA results were 
non‐significant (supplementary Table B), suggesting that stimulation condition did not significantly 
influence RME accuracy.  
For the FST, a mixed model ANOVA examined the factors of time, condition, and motion 
(static and dynamic). Results were not significant (supplementary Table C), suggesting that 
stimulation condition did not influence either accuracy or RT with regard to pooled FST data (pooled 
in terms of both emotion and morphing). 
  A more nuanced picture emerges when emotion and morphing are taken into account, however. 
It was considered that responses to pure forms of the stimuli (100% fear or surprise, without the 
morphed stimuli included) might better represent normal processing. As the relevant variables did not 
respond to sufficiently to attempted transformations, difference scores were obtained (post‐ minus pre‐
stimulation), and one‐way ANOVAs conducted. A significant difference was found between conditions 
for static fear stimuli for both accuracy and RT. Post‐hoc Tukey HSD tests revealed that anodal 
stimulation improved task performance relative to sham (but not cathodal) stimulation for both 
accuracy and RT (see Figures 4 and 5). Results were non‐significant for static surprise images. For 
detailed results see supplementary Tables D and E.  
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Figure 4. Behavioural data. Effect of condition (sham, cathodal, and anodal) on total accuracy for static images of 
faces displaying fear. Accuracy was significantly improved post anodal stimulation compared to sham (p = .043), and 
approached significance compared to cathodal stimulation (p = .071). 
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Figure 5. Behavioural data. Effect of condition  (sham, cathodal, and anodal) on response time  (RT) for static 
images of faces displaying fear. RTs were significantly reduced post anodal stimulation compared to sham (p = 
.034).  
 
 
In the SOFM, a mixed model ANOVA examined factors of time, condition, and face condition 
(self‐other/famous, other‐self/famous, famous‐self/other). With the exception of a main effect of 
time all results were non‐significant (supplemantary Table F), suggesting that stimulation condition 
did not influence SOFM task RT. 
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ERPs – Fear Surprise Task (pooled fear and surprise, static images only) 
i. P100 
To assess peak amplitude (uV) data, a mixed model ANOVA examined factors of time, condition, and 
hemisphere (right/P8 and left/P7). Regarding latency of these peaks, a Kruskal Wallis Test was 
performed. Results were non‐significant, with the exception of a main effect of time for amplitude 
(supplementary Tables G and H). 
ii. N170 
A mixed model ANOVA was conducted using peak amplitude (uV) data. As Table 2 highlights, a 
significant time*hemisphere*condition interaction was found. Post‐hoc contrasts (Table 3) 
suggested that the time*hemisphere interaction was only significant for the sham condition. A trend 
level main effect of time was also found for the cathodal condition (Table 3). As Figure 6 displays, 
N170 peaks post‐stimulation reduced in amplitude for the sham condition and left hemisphere only 
(whereas anodal and cathodal stimulation increased in amplitude for both hemispheres). Regarding 
latency of these peaks, Kruskal Wallis Test results were non‐significant (supplementary Table I). 
iii. P300 
A mixed model ANOVA was conducted using peak amplitude (uV) data (averaged across F3, FZ and 
F4). The factors were time and condition. Results were non‐significant (see Table J in supplementary 
materials). For the latency of these peaks, however, a trend level time*condition interaction (p = 
.050) was found (Table 4). As Figure 7 highlights, latency was reduced post‐stimulation in both 
cathodal and sham conditions (though only cathodal was significant), but increased in the anodal 
condition (the post‐pre difference scores of which were significant when compared to cathodal).
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Table 2 
ERP (N170) results for the Fear Surprise Task for static images (mixed model ANOVA: time x hemisphere x condition). Analysis done on untransformed 
data (maximum peaks in uV).  
Maximum Peak (uV) ‐ ANOVA results     Maximum Peak (uV) ‐ Means, error        
    
F  p  Partial Eta 
Squared  n  M (Pre)  SE (Pre)  M (Post) SE (Post) 
 
time 
 
7.591  .008  .134 
P8 
Sham  17  ‐3.192  0.454  ‐4.237  0.491 
 
time*condition 
 
0.876  .423  .035  Cathodal  18  ‐3.647  0.473  ‐4.739  0.685 
 
time*hemisphere*condition  4.509  .016  .155    Anodal  17  ‐4.618  0.675  ‐5.069  0.524 
   condition     0.414  .663  .017 
P7 
Sham  17  ‐4.213  0.533  ‐3.557  0.467 
    
   Cathodal  18  ‐3.249  0.376  ‐3.840  0.585 
                     Anodal  17  ‐3.239  0.591  ‐4.176  0.638 
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Table 3 
ERP (N170) post hoc results for the Fear Surprise Task for static images (three repeated measures ANOVAs: time x hemisphere, for each condition). Analysis 
done on untransformed data (maximum peaks in uV).  
Maximum Peak (uV) ‐ ANOVA results  Maximum Peak (uV) ‐ Means, error 
 
F  p  Partial Eta 
Squared        n  M (Pre)  SD (Pre)  M (Post)  SD (Post) 
 
        
Sham 
time    0.408 .532 0.025  
Sham 
P8 17 ‐3.192 1.971 ‐4.237 2.025 
hemisphere    0.143 .710 0.009   P7 17 ‐4.213 2.215 ‐3.557 1.925 
time* hemisphere    8.888 .009 .357  
 
    
            
Cathodal 
time    5.785 .028 .254  
Cathodal 
P8 18 ‐3.647 2.008 ‐4.739 2.908 
hemisphere    1.786 .199 .095   P7 18 ‐3.249 1.597 ‐3.840 2.482 
time* hemisphere    1.280 .274 .070          
   
Anodal 
time    2.678 .121 .143  
Anodal 
P8 17 ‐4.618 2.783 ‐5.069 2.162 
hemisphere    1.744 .205 .098   P7 17 ‐3.239 2.438 ‐4.176 2.632 
time* hemisphere    .880 .362 .052  
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Figure 6. EEG data. Effect of condition (sham, cathodal, and anodal) on mean N170 amplitude (uV) for static images during the Fear Surprise Task, for each 
hemisphere (P7 = LH = left hemisphere; P8 = RH = right hemisphere) and time point (pre versus post). Note that the effect of time in the cathodal condition 
does not withstand Bonferroni correction.  
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Table 4 
ERP (P300) results for the Fear Surprise Task for static images (mixed model ANOVA: time x condition). Analysis done on untransformed data (latency 
for maximum peaks in ms).  
Latency (ms) ‐ ANOVA results     Latency (ms) ‐ Means, error        
    
F  p  Partial Eta 
Squared  n  M (Pre)  SE  (Pre)  M (Post)  SE (Post) 
 
time    2.509  .120  0.050   
 
Sham  17  408.51  6.42  393.61  11.05 
 
time*   condition    3.189  .050  0.117    Cathodal  17  394.84  2.87  375.06  9.50 
   condition     1.719  .190  0.067     Anodal  17  381.06  8.17  391.14  8.27 
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Figure 7. EEG data. Effect of condition (sham, cathodal, and anodal) on mean P300 latency (ms at maximum peak) for static images during the Fear Surprise 
Task, pre‐ and post‐stimulation
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Behavioural‐Neurophysiological Correlations 
To explore whether a relationship existed between behavioural and electrophysiological responses 
to the FST, Spearman’s correlations were conducted between N170 power/latency values and RT 
values for static fear images. Results are summarised in  Table 5. The only correlation retaining 
significance after Bonferroni correction (< .004) was a positive correlation  between right 
hemisphere (RH; P8) latency and RT difference scores in the anodal condition (Figure 8). This was a 
large effect (R2 = 0.51). A trend level positive relationship between RH amplitude (N170) and RT 
difference scores was also observed for the anodal condition.  
Resting State 
Mixed model ANOVA (with factors of time, hemisphere, and condition where lTPJ v rTPJ is 
concerned) examined the impacts of stimulation on spectral power. In the eyes closed condition, 
results for all analyses were non‐significant, with the exception of a significant 
time*hemisphere*condition interaction at the beta bandwidth (lTPJ v rTPJ, Table K in supplementary 
materials). Post‐hoc analyses did not elucidate this interaction further (supplementary Figure B). In 
the eyes open condition, results were generally non‐significant for higher frequencies. However, 
time*condition interactions were found in the delta bandwith for the TPJ (both left and right) and 
central regions (and near‐significant for frontal regions), and in the theta bandwidth for frontal 
electrodes. Delta power (and theta in the case of frontal electrodes) tended to be increased post‐
stimulation in active stimulation conditions, whereas the reverse pattern (decreased power) 
occurred after sham stimulation. See the supplementary materials for more detailed exploration of 
resting state results.  
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Table 5 
Results for Spearman’s correlations between RT difference scores (post‐pre, in ms) during the Fear Surprise Task (static, fear images), and mean N170 
peak amplitude (uV) and latency (ms) for right (P8) and left (P7) hemispheres.  
Condition  n     P8 (uV)  P7 (uV)  P8 (latency, ms)  P7 (latency, ms) 
Sham  17 
Correlation  0.228  ‐0.022  ‐0.018  ‐0.207 
p .379  .933  .944  .425 
N 17  17  17  17 
Cathodal  18 
Correlation  0.112  0.135  ‐0.137  ‐0.075 
p .660  .593  .587  .766 
N 18  18  18  18 
Anodal  17 
Correlation  0.461  ‐0.208  .712**  0.253 
p .063  .422  .001  .326 
N 17  17  17  17 
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Figure 8. Relationship between right hemisphere N170 latency (ms; post‐pre) and RT (ms) difference scores (post‐pre) for static fear images, in the anodal 
condition
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Discussion 
This study explored the influence of rTPJ HD‐tDCS on social cognition task performance (mental and 
emotional state attribution and self‐other face processing) and EEG outcomes, and examined 
whether a relationship existed between task performance changes and electrophysiology. Anodal 
rTPJ HD‐tDCS improved Fear Surprise Task performance (FST; accuracy and response time) for static 
images of faces showing fear, and was associated with increased P300 latency and increased N170 
amplitudes during the FST (cathodal stimulation also increased N170 amplitudes). Furthermore, 
supporting hypotheses regarding a link between behavioural and neurophysiological outcomes, a 
positive relationship was observed between right hemisphere N170 latency and response time (RT) 
in the FST.  
Structural (Sato et al., 2016) and functional (Schurz et al., 2014) imaging studies have 
implicated the TPJ in RME processing and performance. The present study is the first tDCS study to 
explore the effect of rTPJ modulation on this task, however, and does not add support for a direct 
causal role of the rTPJ in such mental state attributions. It is also possible that HD‐tDCS effects were 
too subtle to impact performance, or that other mentalising regions (e.g. mPFC/dlPFC) have bigger 
implications in terms of accuracy in mental state attribution based on the eye region alone (or these 
regions compensate in the instance of TPJ disruption). Alternatively, the TPJ may be more involved in 
later stages of mentalising processes. RME is a ‘first stage’ mentalising task, involving attribution of 
states/affect rather than content of or implications/predictions based on mental states (Baron‐
Cohen, Wheelwright, Hill, et al., 2001).   
Regarding the SOFM, the present finding stands partly in contrast to previous studies 
(Heinisch, Dinse, Tegenthoff, Juckel, & Brüne, 2011; Heinisch et al., 2012). The older of these studies 
found trend‐level reduced RT after left or right TPJ rTMS compared to sham, for the famous‐to‐self 
condition only (other conditions were non‐significant). This study did not have a famous‐to‐
unfamiliar (or vice‐versa) condition, and therefore could be alternatively interpreted in terms of 
modulation of predictability/expectation. This shortcoming was redressed in the later study, which 
87 
 
found no impact of rTPJ rTMS on famous‐unfamiliar or unfamiliar‐self distinction, but again found a 
similar effect with regard to self‐to‐famous (and not the reverse) RTs. The present study is in line 
with these findings in terms of rTPJ modulation not impacting other‐other, self‐unfamiliar (and vice‐
versa), and famous‐self face processing, but differs with respect to famous‐other face processing. 
Possible explanations lie in differences between these and our studies, in particular the mode of 
stimulation and non‐changing unfamiliar faces. Regarding the former, it is possible that 1 Hz rTMS 
has a stronger or more specific modulatory effect than tDCS given the focality and mechanism of 
action of TMS. Regarding the latter, the prior studies altered the unfamiliar face with each trial (our 
task did not), with the result that trials involving unfamiliar faces were less predictable than those 
involving only familiar faces.  
One possibility is that it is not specifically the self/other distinction capability that is being 
influenced by stimulation, but rather the ability to probabilistically predict outcomes (in this instance 
regarding face stimuli) and respond, with the support of visual memory. According to this reading, 
the unfamiliar face used in the present study may become familiar after repeated presentations, 
rendering all face conditions equal in terms of TPJ function. If the role of the TPJ is domain non‐
specific, for example facilitating the ability to “switch” between different internal/non‐internal 
representations (and implicit in this is switching between top‐down and bottom‐up processes in 
terms of comparing existing visual representations of self and other with incoming visual 
information for ‘goodness of fit’) (Kubit & Jack, 2013; Wu et al., 2015), then once a representation of 
the unfamiliar face exists, it can be used as a means of ‘live’ comparison/prediction in the same way 
existing self/famous face representations can. In the case of the prior studies, however, the changing 
unfamiliar face means that this cannot occur, and TPJ stimulation may therefore influence 
performance in familiar and non‐familiar face processing non‐equally.  
Regarding FST, previous research similarly shows differences in the ability to correctly 
identify fear and surprise, although the direction of the difference varies between studies. Some 
studies suggest fear is easier to recognise than surprise (Guarnera, Hichy, Cascio, & Carrubba, 2015), 
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while others suggest the reverse (Maassarani, Gosselin, Montembeault, & Gagnon, 2014), 
depending on factors such as age and region of face shown. These emotions may also be processed 
differently, resulting in differences in variance that, when pooled, reduce the power to detect group 
differences 
Detecting fear in others provides an evolutionary advantage, potentially resulting in 
increased salience of these cues compared to stimuli not signifying immediate threat (Pizzagalli et 
al., 1999).  Of neurobiological relevance, strong structural and functional links between the 
amygdala and medial frontal and temporal‐parietal regions ‐ which are hypothesised to subserve 
social cognitive functions ‐ have been identified (Bickart, Dickerson, & Barrett, 2014; Siegal & Varley, 
2002). Structural amygdala abnormalities have also been shown to have an association with social 
cognitive deficits in high‐functioning autism, including impairment of facial fear recognition (Howard 
et al., 2000). Such findings further support the possibility that TPJ involvement in emotional face 
processing may be mediated by brain activity at other regions (such as the amygdala) and therefore 
salience and valence of the emotional stimuli. 
Surprise may be more complex/inconsistent in terms of processing, as it is frequently 
followed by or concurrent with other emotions with either a positive or negative valence (Kim, 
Somerville, Johnstone, Alexander, & Whalen, 2003). Negative interpretations may be more 
associated with the right amygdala and positive interpretations with mPFC, in an inverse fashion 
(Kim et al., 2003), while both tend to employ medial temporal regions. Given the potential role of 
the TPJ in reorienting attention towards salient environmental stimuli (Han & Marois, 2014; Lynch, 
2014), it may be that fear is more consistently salient than surprise (Batty & Taylor, 2003), resulting 
in the differing responses to HD‐tDCS observed herein.   
Stimulation also had an effect on ERP and resting state EEG indices, with both hemispheric 
and regional differences. Importantly, a link was observed between the N170 and FST performance. 
First, the N170 was influenced by stimulation condition, but in the left hemisphere (LH; P7) only. 
Both active stimulation conditions resulted in increased N170 amplitudes, while the reverse was true 
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for sham. Prior findings suggest that intensity/salience of face emotion can influence the N170, and 
that the N170 is larger/later when viewing fearful rather than surprised faces (Batty & Taylor, 2003). 
This is also relevant to interpreting the finding that N170 amplitude (trend only) and latency (RH 
only) were positively associated with FST performance (RT), after anodal stimulation. More 
specifically, as N170 power/latency increased after anodal stimulation, so did FST response time (for 
static/fear images only, for which anodal stimulation resulted in improved accuracy as reported 
above). Taken together, these results might suggest that rTPJ anodal HD‐tDCS may influence facial 
emotion recognition, as well as the nature and distribution of relevant underlying processes. The 
impact of stimulation might depend on the intensity and salience/valence (negativity/threat) of the 
emotion, however, and may involve excitation/inhibition balance between lTPJ/rTPJ. Anodal 
stimulation may confer a processing advantage that is not specific to social cognition, but when 
applied to the rTPJ in the present context produces a social cognitive advantage. 
The trend P300 finding suggested that latency was increased in frontal regions for anodal 
stimulation only (and reduced after other conditions). This may reflect both the strong functional 
connectivity observed between the TPJ and prefrontal regions also involved in social cognition (Mars 
et al., 2012), and the capacity of anodal (but not necessarily cathodal) HD‐tDCS to modulate 
neurophysiological processes in a distributed functional network manner.  
These points are augmented by the resting state results, which are challenging to interpret 
comparatively given the dearth of TPJ tDCS/EEG literature, and must be considered exploratory and 
preliminary. Broadly speaking, results post‐sham align with findings regarding differences between 
eyes open and eyes closed conditions, in that visual stimulation with open eyes produces a reduction 
in power across bandwidths (with some regional exceptions such as higher frontal beta) (Barry, 
Clarke, Johnstone, Magee, & Rushby, 2007; Barry, Clarke, Johnstone, & Brown, 2009). It may be that 
the reverse of this trend after active stimulation represents modulatory changes to both local and 
distributed oscillatory activity. Such differences may be absent in eyes closed EEG due to higher 
baseline power.  
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That these possible modulations occurred at delta/theta bandwidths (rather than higher 
frequencies) has potential implications. These bandwidths have numerous associations, including 
reflecting ‘global’ processing modes involved in integrating/synthesisising, sleep‐related states, 
memory processes, conscious versus unconscious processing, and aspects of attention associated 
with detecting/processing salient/emotional stimuli (Klimesch, 1996; Knyazev, 2012, 2013; Wang et 
al., 2013). The latter association stands out regarding explanatory power in the current context. If 
rTPJ stimulation increases local/distributed delta/theta activity, this might be related to the N170 
and P300 latency/amplitude impacts (the P300 has been explicitly related to delta oscillations), as 
well as biasing attention toward unconscious, motivationally‐salient environmental stimuli (which 
might contribute to understanding why fear and not surprise results were significant in terms of FST 
performance) (Knyazev, 2012). Neurobiologically, this is consistent with the proposal that tDCS 
modulates GABAergic interneurons (among other cell types), which can impact excitation/inhibition 
profiles and influence low‐frequency oscillatory activity (Medeiros et al., 2012; Pevzner, Izadi, Lee, 
Shahlaie, & Gurkoff, 2016). Hippocampal GABAergic interneurons may have an important role in this 
regard; excitation patterns in the TPJ‐hippocampus nexus are being explored with reference to a 
range of social and cognitive aberrations in clinical presentations, for example (Pevzner et al., 2016; 
Wible, 2012).  
Our findings prompt consideration of the relationship of the TPJ not only with the 
mentalising and resting state or default mode networks, but with the saliency network (SN) (Menon, 
2015) and ventral/dorsal attention networks (VAN/DAN) (Corbetta & Shulman, 2002). Findings may 
also contribute ‐ albeit in a limited fashion ‐ to debate regarding proposed frameworks for TPJ 
function. One possible reading is that the behavioural FST results suggest that affective valence may 
mediate rTPJ response in terms of facial emotion processing, thus potentially implicating the SN. 
That anodal stimulation improved processing of fear and not surprise is interesting in light of 
primate models that observe strong norepinephrinergic projections from the locus ceruleus (LC) to 
temporoparietal areas, findings that LC‐TPJ functional connectivity in humans may be modulated by 
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stimulus salience, and evidence that the TPJ response to novel stimuli is dampened by beta–
adrenergic blockers (Lynch, 2014). The result that active stimulation conditions increased delta/theta 
power in a distributed fashion may be related, given the notion that these are ‘more primitive’ 
bandwidths in terms of evolution, associated with detecting/processing emotional stimuli, 
particularly those that may be motivationally salient in terms of reward or threat (Knyazev, 2012). 
This is not suggesting that surprise is not salient in terms of reward/threat, but that fear might be 
more consistently salient in terms of potential threat, leading to greater or more urgent resource 
allocation (including the TPJ).  
The exact role of the rTPJ in this regard remains unclear. Our findings are not inconsistent 
with domain‐general views such as that of Geng and Vossel (2013). The comparison of our findings in 
the SOFM task with prior studies speaks to the notion that the TPJ is involved in ‘switching’ between 
existing and developing representations in order to update context, assess ‘goodness of fit’ with 
expectations/predictions, and to prepare for decisions/responses. The TPJ is well placed to perform 
such a function, and its associations with the SN, default‐mode network (DMN), VAN/DAN, 
hippocampal, central‐executive and mentalising networks may be critical in this regard. That rTPJ 
stimulation modulated the N170 and P300 in a distributed manner provides further possible 
support. The latter in particular has previously been thought to reflect modification of internal 
models according to external stimuli (Polich, 2007).  
This study is not without limitations. A shorter study would have reduced the possibility of 
fatigue. However, EEG post‐stimulation did not produce lower frequencies, nor was there a higher 
frequency response after active stimulation (compared to sham). Another limitation was the sex 
imbalance in the cathodal condition. Differences in facial emotion processing have been observed 
according to sex (Hampson, van Anders, & Mullin, 2006), however, these may be for subtle facial 
cues only (Hoffmann, Kessler, Eppel, Rukavina, & Traue, 2010), rather than the full fear/surprise 
expression stimuli discussed here. The limitation of low task difficulty has been mentioned, 
highlighting the importance of developing of a pre/post stimulation mentalising task with reduced 
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likelihood of ceiling effects in high functioning populations. Finally, it should be acknowledged that 
the results for lTPJ/rTPJ are based on P7/P8 electrodes only for the EEG analysis, leading to 
increased risk of anomaly. However, the presence of aligned results in combined central or frontal 
electrodes in many analyses is encouraging. Related is the possible limitation of using mastoids as 
reference, given their proximity to P7 and P8 (Joyce & Rossion, 2005), however, this was partially 
offset by averaging the mastoids for analysis.  
In conclusion, our findings suggest that rTPJ involvement in facial emotion processing might 
interact with stimulus salience and valence, and that N170/P300 latency/amplitude and LH/RH‐
excitation/inhibition balances might be influential in this regard. Anodal rTPJ HD‐tDCS may modulate 
behavioural/neurophysiological outcomes relevant to social cognition. This is important in terms of 
understanding the TPJ and with regard to potential future clinical applications (such as in autism, 
where medical options regarding symptom improvement are limited) (Demirtas‐Tatlidede, 
Vahabzadeh‐Hagh, & Pascual‐Leone, 2013; Enticott et al., 2014; Oberman, Rotenberg, & Pascual‐
Leone, 2013; Sellaro et al., 2016). HD‐tDCS, with its GABA‐modulating effects and improved focality 
over regular tDCS, may be particularly well placed in this regard. While further research is required 
to understand exactly what and how networks and mechanisms are being modulated, studies such 
as this are important stepping stones to clinical translation, such as in autism, where such targeted 
stimulation protocols may prove to confer social cognitive benefits. 
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4.4. Empirical Paper 1: Supplementary Materials 
Methods 
Tasks 
Regarding the Fear Surprise Task (FST), fear and surprise use similar muscles during expression, and are often miscategorised reciprocally. Participants 
responded to 96 trials (48 dynamic 1s videos morphing from neutral to emotional expression at 24 frames/s; plus 48 static photographs), with images based 
on faces of 6 actors from the NimStim stimulus set (Tottenham et al., 2009). Of the dynamic stimuli, 24 trials were either surprise or fear (100%). The 
remaining 24 trials were morphed between the two emotional expressions, 12 weighted at 66% surprise, the other 12 at 66% fear. Participants were asked 
to indicate, via keyboard, whether the face was displaying fear or surprise. 
Regarding the Self‐Other Face Morphing task (SOFM), photos of participant’s faces were obtained, with a neutral expression and from a direct 
frontal view. For comparison, unfamiliar faces with neutral expressions (matched by ethnicity) were selected from the NimStim stimulus set (Tottenham et 
al., 2009). Famous faces, also with neutral expressions, were chosen from the Internet. These were also ethnicity matched, and participants were asked 
before attending if “this famous person’s face was one they would easily recognise.” For Caucasians, images of Angeline Jolie or Brad Pitt were used. 
Matching was also done for individuals with an Indian or Sri Lankan background (images of Virat Kohli or Aishwarya Rai) and people with a background in 
the Chinese diaspora (Jackie Chan or Lucy Liu). All images were edited to greyscale and masked with a black background to include facial features only (see 
Figure 3 in main text). All aspects of the task were the same as outlined previously (Heinisch, Dinse, Tegenthoff, Juckel, & Brüne, 2011; Heinisch, Krüger, & 
Brüne, 2012), with the following exceptions. Their task used different unfamiliar faces across trials, whereas ours was all the same unfamiliar person. Also, 
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our task was longer, consisting of 90 trials: 60 dynamic videos and 30 static pictures. The latter involved 10 presentations of each of the three photos (self, 
famous other, unfamiliar other). The former also involved 10 presentations of each video condition (self to famous, self to unfamiliar, famous to unfamiliar, 
and vice‐versa). Presentation of trials was randomised. Editing and morphing of images was done using Abrasoft FantaMorph 5 Deluxe 
(http://www.fantamorph.com). This created 6 second videos morphing between faces at 25 frames/s, as well as static images of pure faces. Stimuli were 
presented on a black background. Subjects responded, via keypress, to dynamic videos only, at the moment when they determined that the image had 
morphed into the second person. All videos were played in full, irrespective of when the response occurred, so as not to reward earlier RTs (time elapsed 
between video onset and keypress).  
Results 
Post‐stimulation Questionnaire 
Participants appeared to be well blinded to sham (only 39% correctly guessing), whereas 63% correctly identified an active condition (see Figure A). 
However, a chi‐square test comparing correct responses versus incorrect/unsure responses was not significant (p = .07). All participants successfully 
completed stimulation. Two participants temporarily ceased due to discomfort, but completed stimulation after a short break (1‐3 mins). Stimulation‐
related effects and sensations are summarised in Table A. 
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Figure A. Number of participants  who correctly or incorrectly identified whether the HD‐tDCS condition they were in was active or not.
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Table A. 
Results from post‐stimulation survey regarding tolerability and experience of stimulation. NR = no response. 
Experience  n (active) 
n 
(sham) 
Severity Range    
(1 = low,          
5 = high) 
Comments 
Headache  4  1  1 to 4 
One not sure if came before 
stimulation. Two brief (during 
stimulation only). 
Migraine  0  1  4  Brief, to "right part of brain", continued testing. 
Scalp pain  8  2  1 to 5  "Pinching", "pins and needles", "burning" 
Face pain  1  0  3  Left side of face "behind eye" 
Ear pain  0  0 
Neck pain  1  0  2  "Stiff muscles", not sure if from stimulation 
Shoulder pain  0  0 
Body pain  0  0 
Numbness  2  0  1 to 2  "From inactivity" 
Toothache  1  0  1 
"Slight" toothache for "a few 
seconds" approximately 30 
mins post‐stim 
Nausea  0  0 
Problems with vision  0  0 
Weepiness/crying  0  0 
Nervousness/anxiety  0  0 
Fatigue  6  0  1 to 3 
Most felt more "sleepy" in 
general later in experiment. 
One felt sleepy "during 
stimulation" 
Dizziness  0  0 
Fainting/feeling faint  1  0  NR 
NR (no participants fainted, so 
this participant may have "felt 
faint" at some point) 
Skin rash/burn  1  0  3  On forehead (from EEG electrode tape, not stimulation) 
Thinking difficulties  1  0  3  Due to "itchy scalp" being "irritating" 
Speaking difficulties  0  0 
Burning sensation  4  7  1 to 3 
Mostly "warm" sensation, one 
states "burning" sensation for 
short periods 
Itching  17  2  1 to 4  Mostly "tickling" or "itching" 
Tingling  18  5  1 to 4  Mostly mild 
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In the Reading the Mind in the Eyes task (RME), raw accuracy data was transformed to square root (reflected; REFSQRT) data to improve 
normality. Using the REFSQRT data a mixed model ANOVA examined the factors of time (pre‐ and post‐stimulation) and condition (sham, cathodal and 
anodal). Results are summarised in Table B. With the exception of a main effect of time (likely due to practice effects) all results were non‐significant, 
suggesting that stimulation condition did not significantly influence RME task accuracy. 
 
Table B 
Results for the Reading the Mind in the Eyes Task (mixed model ANOVA: time x condition). Analysis done on data transformed to square root 
(reflected; REFSQRT). 
Total Accuracy Percent (REFSQRT) ‐ ANOVA results  Total Accuracy Percent (REFSQRT) ‐ Means and error 
  
      F  p  Partial Eta Squared          n  M (Pre)  SD (Pre)  M (Post)  SD (Post) 
 
time    10.584  .002  .175      Sham  18  1.093  0.073  1.105  0.045 
 
time*condition  1.009  .372  .039      Cathodal  18  1.095  0.049  1.106  0.052 
  
condition     0.057  .945  .002        Anodal  17  1.081  0.053  1.108  0.054 
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Regarding the Fear Surprise Task (FST), raw RT and accuracy data were log transformed (LG10) to improve normality. Using the LG10 data, a mixed 
model ANOVA examined the factors of time, condition, and motion (static and dynamic). Results are summarised in Table C. Regarding accuracy, all results 
were non‐significant. Nor was there a significant time*condition*motion (or time*condition) interaction for RTs. This suggests that stimulation condition 
did not significantly influence task performance for either accuracy or RT with regard to pooled Fear Surprise LG10 data (pooled in terms of both emotion 
and morphed/non‐morphed). 
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Table C     
Results for the Fear Surprise Task (mixed model ANOVA: time x motion x condition). Log transformed data (LG10), all static, dynamic, chimeric conditions pooled.
Accuracy Percent (LG10) ‐ ANOVA results  Accuracy Percent (LG10) ‐ Means, error (dynamic)
    F  p 
Partial Eta 
Squared  n  M (Pre)  SD (Pre)  M (Post)  SD (Post) 
  time  0.043  .836 .001 Sham 18 ‐0.128 0.050 ‐0.118 0.051 
  time*condition 0.096  .909 .004 Cathodal 18 ‐0.111 0.044 ‐0.109 0.051 
 
time*motion* 
condition  1.842  .169  .069       Anodal  17  ‐0.104  0.028  ‐0.106  0.048 
   condition 1.789  .178 .067  
      Accuracy Percent (LG10) ‐ Means, error (static)
      n  M (Pre)  SD (Pre)    M (Post)  SD (Post) 
      Sham 18 ‐0.129 0.050 ‐0.141 0.062 
      Cathodal 18 ‐0.114 0.055 ‐0.107 0.059 
      Anodal 17 ‐0.106 0.037 ‐0.102 0.054 
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Table C continued 
Results for the Fear Surprise Task (mixed model ANOVA: time x motion x condition). Log transformed data (LG10), all static, dynamic, chimeric conditions pooled.
Response Time (ms; LG10) ‐ ANOVA results     Response Time (ms; LG10) ‐ Means, error (dynamic) 
    F  p 
Partial Eta 
Squared  n  M (Pre)  SD (Pre)   M (Post)  SD (Post) 
  time  35.295  <.001  .414  Sham  18  3.176  0.110  3.136  0.127 
  time*condition  0.735  .485  .029  Cathodal  18  3.273  0.129  3.197  0.142 
 
time*motion*    
condition  1.188  .313  .045     Anodal  17  3.323  0.132  3.261  0.134 
   condition     6.587  .003  .209   
      Response Time (ms; LG10) ‐ Means, error (static) 
      n  M (Pre)   SD (Pre)   M (Post)  SD (Post) 
      Sham  18  3.057  0.136  3.007  0.136 
      Cathodal  18  3.208  0.183  3.139  0.168 
                        Anodal  17  3.272  0.182  3.188  0.181 
 
It was considered that responses to pure forms of the stimuli (100% fear or surprise, without the morphed stimuli included) might better represent 
normal processing. As the relevant variables did not respond to sufficiently to attempted transformations, difference scores were obtained (post‐ minus 
pre‐stimulation), and one‐way ANOVAs conducted. A significant difference was found between conditions for static fear stimuli for both accuracy and RT 
(Table D). Post‐hoc Tukey HSD tests revealed that anodal stimulation improved task performance relative to sham (but not cathodal) stimulation for both 
accuracy and RT. Results were non‐significant for static surprise images (Table E).
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Table D 
Results for static fear images from the Fear Surprise Task (one way ANOVA on difference scores post‐pre stimulation).  RT = response time. 
Total Accuracy (post‐pre) ‐ ANOVA results     Total Accuracy (post‐pre) ‐ Means and error  
     
F  p 
  
n  M (Post‐Pre)  SD 
         3.731  .031     Sham  18  ‐0.611  0.397 
      Cathodal  18  ‐0.500  0.336 
         Anodal  17  0.647  0.331 
     
RT (ms; post‐pre) ‐ ANOVA results     RT (ms; post‐pre) ‐ Means and error  
     
F  p 
  
n  M (Post‐Pre)  SD 
      3.432  .040  Sham  18  ‐57.727  72.658 
      Cathodal  18  ‐238.079  114.339 
                        Anodal  17  ‐618.944  236.218 
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Table E 
Results for static surprise images from the Fear Surprise Task (one way ANOVA on difference scores post‐pre stimulation).  RT = response time. 
Total Accuracy (post‐pre) ‐ ANOVA results     Total Accuracy (post‐pre) ‐ Means and error  
     
F  p 
  
n  M (Post‐Pre)  SD 
         1.275  .288     Sham  18  ‐0.111  0.361 
     
Cathodal  18  0.722  0.403 
        
Anodal  17  0.059  0.415 
     
RT (ms; post‐pre) ‐ ANOVA results     RT (ms; post‐pre) ‐ Means and error  
     
F  p 
  
n  M (Post‐Pre)  SD 
         .774  .466     Sham  18  ‐139.481  85.576 
     
Cathodal  18  ‐298.713  112.547 
                        Anodal  17  ‐339.251  156.128 
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In the Self Other Face Morphing task (SOFM) task raw RT data were transformed to square 
root (reflected; REFSQRT) data to improve normality. Using the REFSQRT data, a mixed model 
ANOVA examined factors of time, condition, and face condition (videos morphing from self to other, 
self to famous, other to self, other to famous, famous to self, and famous to other). Results are 
summarised in Table F. With the exception of a main effect of time (practice effects) all results were 
non‐significant, suggesting that stimulation condition did not influence SOFM task RT. 
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Table F           
Results for Self‐Other Face Morphing Task (mixed model ANOVA: time x condition). Analysis done on data 
transformed to square root (reflected; REFSQRT). The labels for morphing conditions are as follows: S > O = self to 
unfamiliar other; S > F = self to famous other; O > S = unfamiliar other to self; O > F = unfamiliar other to famous 
other; F > S = famous other to self; F > O = famous other to unfamiliar other.  
RT (ms; REFSQRT) ‐ ANOVA results        RT (ms; REFSQRT) ‐ Means and error     
     
F  p 
Partial 
Eta 
Squared 
Morph  M (Pre) 
SD 
(Pre)  
M 
(Post) 
SD 
(Post) 
  time 
  68.979  <.001  .585 
Sham       
(n = 18) 
S > O  38.724  11.826  44.715  10.713 
  time*condition  71.093  .862  .429  S > F  32.976  15.471  41.556  12.613 
 
time*morph 
condition*  
condition 
.665  .757  .026  O > S  31.349  13.027  39.178  15.145 
   condition     .270  .765  .011  O > F  29.621  12.003  36.625  15.643 
            F > S  34.283  13.697  41.599  13.252 
            F > O  33.899  11.884  41.490  13.710                
           
Cathodal    
(n = 18) 
S > O  42.054  11.419  46.223  10.372 
            S > F  40.766  8.591  45.431  8.296 
            O > S  34.594  11.094  39.195  11.776 
 
            O > F  34.348  9.910  38.754  10.081 
           
  F > S  37.248  11.409  43.400  11.692 
 
        F > O  34.659  11.883  42.894  11.034 
           
 
       
Anodal     
(n = 16) 
S > O  42.215  11.637  46.617  10.910 
 
      S > F  39.625  15.393  44.121  12.148 
 
      O > S  32.175  17.613  37.889  14.473 
 
      O > F  34.109  15.899  38.392  13.910 
 
      F > S  34.783  15.456  39.447  15.726 
  
                     F > O  32.157  18.228  40.917  15.528 
115 
 
 
ERPs – Fear Surprise Task (pooled fear and surprise, static images only)  
 
i. P100 
  A mixed model ANOVA for pooled fear and surprise static images examined factors of time, condition, and hemisphere (right and left). As Table G 
displays, results were non‐significant, with the exception of a main effect of time. Regarding latency of these peaks, a Kruskal Wallis Test was performed 
due to significant non‐normality that did not respond to transformation. Results were also non‐significant (Table H).  
Table G   
ERP (P100) results for the Fear Surprise Task for static images (mixed model ANOVA: time x hemisphere x condition). Analysis done on square root transformed data 
(SQRT of maximum peaks in uV).  
 
Maximum Peak (uV; SQRT) ‐ ANOVA results     Maximum Peak (uV; SQRT) ‐ Means, error     
     
F  p  Partial Eta Squared 
 
N   M (Pre)  SD (Pre)   M (Post)  SD (Post) 
  time 
  26.102  <.001  .348 
P8 
Sham  17  1.560  0.642  2.102  0.503 
  time*condition 
  2.346  .106  .087  Cathodal  18  1.480  0.630  1.987  0.488 
 
time*hemisphere*condition  0.297  .744  .012    Anodal  17  1.705  0.855  1.994  0.886 
   condition     0.148  .863  .006 
P7 
Sham  17  1.810  0.528  1.879  0.600 
     
      Cathodal  18  1.805  0.327  1.995  0.423 
                     Anodal  17  1.992  0.408  1.909  0.487 
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Table H 
ERP (P100) results for the Fear Surprise Task for static images (Kruskal Wallis Test). Analysis done on difference scores (post‐pre of latency of 
maximum peaks in ms).  
Latency (ms; post‐pre) ‐ Kruskal Wallis results     Latency (ms; post‐pre) ‐ Means, error  
     
 
    Chi‐Square  df  p        n  Mean Rank  Median  Range 
 
P8    4.636  2  .098 
P8 
Sham  17  20.06  ‐3.00  (‐83, 53) 
   P7     .572  2  .751  Cathodal  18  29.97  0.00  (‐60, 94) 
 
    Anodal  17  29.26  0.00  (‐41, 13) 
 
   
P7 
Sham  17  28.71  0.00  (‐100, 62) 
 
    Cathodal  18  25.14  0.00  (‐96, 78) 
  
                 Anodal  17  25.74  0.00  (‐45, 73) 
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ii. N170 
A mixed model ANOVA was conducted using peak (uV) data. The factors were time, condition, and hemisphere (see results in main article). Regarding 
latency of these peaks, a Kruskal Wallis Test was performed due to significant non‐normality that did not respond to transformation. Results were non‐
significant (Table I).  
Table I 
ERP (N170) results for the Fear Surprise Task for static images (Kruskal Wallis Test). Analysis done on difference scores (post‐pre of latency of maximum 
peaks in ms). 
Latency (ms; post‐pre) ‐ Kruskal Wallis results     Latency (ms; post‐pre) ‐ Means, error  
 
    Chi‐Square  df  p        n  Mean Rank   Median  Range 
  P8 
  0.751  2  .687 
P8 
Sham  17  27.21  ‐3.00  (‐89, 87) 
   P7     .118  2  .943  Cathodal  18  28.22  0.00  (‐94, 60) 
 
  Anodal  17  23.97  ‐1.00  (‐20, 15) 
 
 
 
P7 
Sham  17  27.21  ‐2.00  (‐56, 57) 
 
 
  Cathodal  18  28.22  ‐1.00  (‐100, 61) 
  
                Anodal  17  23.97  ‐1.00  (‐52, 75) 
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iii. P300 
  A mixed model ANOVA was conducted using maximum peak (uV) data (averaged across the three frontal electrodes). The factors were time and 
condition. results were non‐significant for mean maximum amplitude. For the latency of these peaks, however, a trend level time*condition interaction (p = 
.05) was found (Table J).  
Table J   
ERP (P300) results for the Fear Surprise Task for static images (mixed model ANOVA: time x condition). Analysis done on untransformed data (maximum 
peaks in uV).  
Maximum Peak (uV) ‐ ANOVA results     Maximum Peak (uV) ‐ Means, error        
   
F  p  Partial Eta Squared  n  M (Pre)  SD (Pre)   M (Post) 
SD 
(Post) 
 
time    0.756  .389  0.016   
 
Sham  17  2.302  2.921  2.705  2.837 
 
time*   
condition    0.072  .930  0.003    Cathodal  17  2.317  3.857  2.755  4.466 
  
condition     0.540  .586  0.022     Anodal  17  1.529  2.972  1.653  2.131 
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Resting State 
i. Eyes Closed 
A mixed model ANOVA (with factors of time, hemisphere, and condition) examined the impacts of stimulation on spectral power (log transformed 
uV2) at the left TPJ (lTPJ; average of CP5, P3 and P7) and rTPJ (CP6, P4 and P8) at each of four bandwidths. Results were non‐significant for lower 
frequencies (Delta, Theta, and Alpha; see Table K). However, a significant time*hemisphere*condition interaction was found at the Beta bandwidth (Table 
L). Post‐hoc analyses did not elucidate this interaction further, which is displayed below in Figure B. As Figure B shows, at the lTPJ, Beta power was reduced 
or unchanged post‐stimulation (non‐significant) in active stimulation conditions, whereas the reverse pattern (Beta power increased) occurred after sham 
stimulation (non‐significant). Mixed model ANOVAs (with factors of time and condition) were also conducted for pooled frontal and pooled central 
electrodes. Results were not significant (Tables M and N).  
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Table K 
Results for eyes closed resting state power analyses (mixed model ANOVAs, time x hemisphere x condition). Analyses conducted on log transformed data. 
Power by bandwidth, rTPJ, lTPJ (uV2, LG10 transformed): Means, error  ANOVA results (time x hemisphere x condition; uV2, LG10 transformed) 
         Pre     Post  F  p 
Partial 
Eta 
Squared   n  M  SD  M  SD 
Delta 
time  623.154  <.001  0.926 
rTPJ 
(Delta) 
Sham  18  ‐1.439  0.321  ‐1.492  0.321  time*condition  0.022  .978  0.001 
Cathodal  18  ‐1.352  0.334    ‐1.361  0.369  time*hemisphere*condition    0.494  .613  0.019 
Anodal  17  ‐1.205  0.335  ‐1.304  0.386  condition     2.548  .088  0.092 
     
lTPJ (Delta) 
Sham  18  ‐1.453  0.376  0.536  0.225 
Cathodal  18  ‐1.344  0.295  0.608  0.173 
Anodal  17  ‐1.298  0.362  0.707  0.243      
rTPJ 
(Theta) 
Sham  18  ‐1.524  0.317    ‐1.453  0.376 
        
F  p 
Partial 
Eta 
Squared 
Cathodal  18  ‐1.494  0.318  ‐1.287  0.347 
Theta 
time  39.783  <.001  0.443 
Anodal  17  ‐1.391  0.283  ‐1.255  0.296  time*condition  0.382  .684  0.015 
                time*hemisphere*condition    1.185  .314  0.045 
lTPJ 
(Theta) 
Sham  18  ‐1.421  0.421  ‐1.178  0.384  condition     0.922  .405  0.036 
Cathodal  18  ‐1.346  0.391  ‐1.149  0.407 
Anodal  17  ‐1.333  0.339  ‐1.027  0.321 
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Table K continued 
Results for eyes closed resting state power analyses (mixed model ANOVAs, time x hemisphere x condition). Analyses conducted on log transformed data. 
Power by bandwidth, rTPJ, lTPJ (uV2, LG10 transformed): Means, error  ANOVA results (time x hemisphere x condition; uV2, LG10 transformed) 
         Pre     Post       
    n  M  SD    M  SD   
rTPJ 
(Alpha) 
Sham  18  ‐1.030  0.611    ‐1.191  0.558 
        
F  p  Partial Eta Squared 
Cathodal  18  ‐1.115  0.543    ‐1.090  0.420 
Alpha 
time  0.537  .467  0.011 
Anodal  17  ‐0.953  0.409    ‐0.967  0.347  time*condition  0.430  .653  0.017 
                time*hemisphere*condition    1.708  .192  0.064 
lTPJ (Alpha) 
Sham  18  ‐1.044  0.516    ‐1.052  0.479  condition     0.504  .607  0.020 
Cathodal  18  ‐1.056  0.609    ‐1.121  0.468 
Anodal  17  ‐0.972  0.435  ‐0.938  0.392 
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Table L 
Results for eyes closed resting state power analyses, rTPJ versus lTPJ (mixed model ANOVAs, time x hemisphere x condition). Analyses conducted on log 
transformed data. 
Power by bandwidth, rTPJ, lTPJ (uV2, LG10 transformed): Means, error  ANOVA results (time x hemisphere x condition; uV2, LG10 transformed) 
         Pre     Post 
        
F  p  Partial Eta Squared 
      M  SE    M  SE  Beta  time    0.404  0.528  0.008 
rTPJ 
(beta) 
Sham  18  ‐1.828  0.067    ‐1.832  0.073   time*condition    0.439  0.647  0.017 
Cathodal  18  ‐1.929  0.072    ‐1.905  0.076   time*hemisphere*condition  3.691  0.032  0.129 
Anodal  17  ‐1.796  0.065    ‐1.772  0.061    condition     1.131  0.331  0.043 
               
 
lTPJ 
(beta) 
Sham  18  ‐1.832  0.056    ‐1.725  0.068  
Cathodal  18  ‐1.871  0.069    ‐1.915  0.067  
Anodal  17  ‐1.791  0.061     ‐1.793  0.070                     
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Figure B. Effect of condition (sham, cathodal, and anodal) on lTPJ Beta power (log transformed uV2) during resting state (eyes closed). 
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Table M 
Results for eyes closed resting state power analyses (mixed model ANOVAs, frontal electrodes; time x condition). Analyses conducted on log transformed data. 
Power, frontal electrodes (uV2, LG10 transformed): Means, error     ANOVA results (time x condition; uV2, LG10 transformed)    
 
 Pre  Post  F  p  Partial Eta Squared 
  n  M  SD  M  SD 
Delta 
time  1.024  0.316  0.020 
Delta 
Sham  18  ‐1.190  0.327  ‐1.185  0.377  time*condition  0.233  0.793  0.009 
Cathodal  18  ‐1.071  0.384  ‐1.006  0.332 
condition     3.073  0.055  0.109 
Anodal  17  ‐1.017  0.308  ‐0.922  0.244 
  
 
      
         F  p 
Partial Eta 
Squared 
Theta 
Sham  18  ‐1.241  0.314  ‐1.216  0.340 
Theta 
time  13.770  0.001  0.216 
Cathodal  18  ‐1.232  0.297  ‐1.014  0.301  time*condition  2.599  0.084  0.094 
Anodal  17  ‐1.147  0.313  ‐0.994  0.238  condition     1.525  0.228  0.057    
 
      
         F  p 
Partial Eta 
Squared 
Alpha 
Sham  18  ‐1.168  0.491  ‐1.214  0.452 
Alpha  time  1.882  0.176  0.036 Cathodal  18  ‐1.092  0.399  ‐1.047  0.417  time*condition  2.218  0.119  0.081 
Anodal  17  ‐1.130  0.418  ‐0.945  0.381  condition     0.742  0.481  0.029    
 
      
         F  p 
Partial Eta 
Squared 
Beta 
Sham  18  ‐1.862  0.273  ‐1.837  0.263 
Beta 
time  0.016  0.901  0.000 
Cathodal  18  ‐1.871  0.284  ‐1.866  0.237  time*condition  0.518  0.599  0.020 
Anodal  17  ‐1.761  0.270  ‐1.801  0.223     condition     0.634  0.535  0.025 
125 
 
Table N 
Results for eyes closed resting state power analyses (mixed model ANOVAs, central electrodes; time x condition). Analyses conducted on log transformed data. 
Power, central electrodes (uV2, LG10 transformed): Means, error     ANOVA results (time x condition; uV2, LG10 transformed) 
    Pre  Post  F  p  Partial Eta Squared 
  n  M  SD  M  SD 
Delta 
time  0.035  0.852  0.001 
Delta 
Sham  18  ‐1.274  0.291  ‐1.330  0.289  time*condition  0.203  0.817  0.008 
Cathodal  18  ‐1.212  0.336  ‐1.187  0.310  condition     2.556  0.088  0.093 
Anodal  17  ‐1.116  0.299  ‐1.116  0.339 
  
       F  p  Partial Eta Squared 
Theta 
Sham  18  ‐1.256  0.326  ‐1.255  0.283 
Theta 
time  5.889  0.019  0.105 
Cathodal  18  ‐1.222  0.360  ‐1.071  0.351  time*condition  1.537  0.225  0.058 
Anodal  17  ‐1.177  0.359  ‐1.059  0.302  condition     1.011  0.371  0.039            
        
         F  p 
Partial Eta 
Squared 
Alpha 
Sham  18  ‐1.159  0.455  ‐1.189  0.400 
Alpha 
time  1.559  0.212  0.031 
Cathodal  18  ‐1.102  0.389  ‐1.044  0.437  time*condition  1.215  0.305  0.046 
Anodal  17  ‐1.103  0.386  ‐0.958  0.394  condition     0.676  0.513  0.026            
        
         F  p 
Partial Eta 
Squared 
Beta 
Sham  18  ‐1.842  0.257  ‐1.815  0.272 
Beta 
time  0.038  0.846  0.001 
Cathodal  18  ‐1.861  0.285  ‐1.871  0.266  time*condition  0.408  0.647  0.016 
Anodal  17  ‐1.736  0.273  ‐1.769  0.264  condition     0.920  0.405  0.035 
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ii. Eyes Open 
The same analyses were conducted for eyes closed resting state data (log transformed). Results were generally not significant for higher 
frequencies (Tables O, P and Q). However, time x condition interactions were found in the Delta bandwith for the TPJ (both left and right) and central 
regions, and in the Theta bandwidth for frontal electrodes. A near significant time x condition interaction was also found in the Delta bandwith for frontal 
electrodes (p = .05; post‐hocs non‐significant). As displayed in Figures C‐F, Delta power (and Theta in the case of frontal electrodes) tended to be increased 
post‐stimulation in active stimulation conditions, whereas the reverse pattern (decreased power) occurred after sham stimulation. Several main effects of 
time were also observed, as shown in Tables R‐T.  
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Table O 
Results for eyes open resting state power analyses, rTPJ versus lTPJ (mixed model ANOVAs, time x hemisphere x condition). Analyses conducted on log transformed data. 
Power by bandwidth, rTPJ, lTPJ (uV2, LG10 transformed): Means, error  ANOVA results (time x hemisphere x condition; uV2, LG10 transformed) 
         Pre     Post           n  M  SD  M  SD   
rTPJ 
(Theta) 
Sham  18  ‐1.568  0.292    ‐1.517  0.291           F  p 
Partial Eta 
Squared 
Cathodal  18  ‐1.480  0.230    ‐1.335  0.308 
Theta 
time  4.466  .040  0.084 
Anodal  16  ‐1.513  0.364    ‐1.388  0.218  time*condition  2.232  .118  0.083 
                time*hemisphere*condition    0.987  .380  0.039 
lTPJ 
(Theta) 
Sham  18  ‐1.496  0.297    ‐1.590  0.280  condition     2.105  .133  0.079 
Cathodal  18  ‐1.451  0.270    ‐1.314  0.205   
Anodal  16  ‐1.406  0.336    ‐1.358  0.202          
rTPJ 
(Alpha) 
Sham  18  ‐1.398  0.390    ‐1.381  0.417           F  p 
Partial Eta 
Squared 
Cathodal  18  ‐1.401  0.404    ‐1.202  0.496 
Alpha 
time  3.976  .052  0.075 
Anodal  16  ‐1.274  0.344    ‐1.267  0.391  time*condition  2.552  .088  0.094       time*hemisphere*condition  0.186  .831  0.008 
lTPJ 
(Alpha) 
Sham  18  ‐1.385  0.402  ‐1.387  0.327  condition     0.420  .659  0.017 
Cathodal  18  ‐1.427  0.409    ‐1.250  0.393   
Anodal  16  ‐1.304  0.350    ‐1.264  0.395   
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Table O continued 
Results for eyes open resting state power analyses, rTPJ versus lTPJ (mixed model ANOVAs, time x hemisphere x condition). Analyses conducted on log transformed data. 
Power by bandwidth, rTPJ, lTPJ (uV2, LG10 transformed): Means, error  ANOVA results (time x hemisphere x condition; uV2, LG10 transformed) 
         Pre     Post   
     
    n  M  SD    M  SD     
rTPJ 
(Beta) 
Sham  18  ‐1.901  0.255    ‐1.905  0.328 
        
F  p  Partial Eta Squared 
Cathodal  18  ‐2.058  0.325    ‐1.922  0.303 
Beta 
time  3.461  .069  0.066 
Anodal  16  ‐1.896  0.196    ‐1.848  0.255  time*condition  1.624  .207  0.062 
                time*hemisphere*condition  0.068  .934  0.003 
lTPJ (Beta) 
Sham  18  ‐1.944  0.264    ‐1.938  0.323  condition     0.928  .402  0.036 
Cathodal  18  ‐2.066  0.263    ‐1.930  0.304   
Anodal  16  ‐1.909  0.213     ‐1.876  0.273                      
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Table P 
Results for eyes open resting state power analyses for frontal electrodes (mixed model ANOVAs, time x condition). Analyses conducted on log transformed 
data. 
Power, frontal electrodes (uV2, LG10 transformed): Means, error     ANOVA results (time x condition; uV2, LG10 transformed)    
   
  Pre  Post 
    n  M  SD  M  SD 
 
           
        
F  p 
Partial 
Eta 
Squared 
Alpha 
Sham  18  ‐1.427  0.329  ‐1.341  0.345 
Alpha 
time  2.459  .123  0.048 
Cathodal  18  ‐1.318  0.409  ‐1.211  0.393  time*condition  0.226  .799  0.009 
Anodal  16  ‐1.269  0.382  ‐1.239  0.243  condition     0.947  .395  0.037          
 
           
        
F  p 
Partial 
Eta 
Squared 
Beta 
Sham  18  ‐1.876  0.244  ‐1.831  0.338 
Beta 
time  0.016  .901  0.000 
Cathodal  18  ‐1.970  0.279  ‐1.817  0.284  time*condition  0.518  .599  0.020 
Anodal  16  ‐1.798  0.226  ‐1.784  0.231    condition     0.634  .535  0.025 
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Table Q 
Results for eyes open resting state power analyses for central electrodes (mixed model ANOVAs, time x condition). Analyses conducted on log transformed data. 
Power, central electrodes (uV2, LG10 transformed): Means, error     ANOVA results (time x condition; uV2, LG10 transformed) 
    Pre  Post 
  n  M  SD  M  SD 
             
 
F  p  Partial Eta Squared 
Theta 
Sham  18  ‐1.261  0.205  ‐1.306  0.308 
Theta 
time  2.737  .104  0.053 
Cathodal  18  ‐1.229  0.267  ‐1.075  0.269  time*condition  2.320  .109  0.086 
Anodal  16  ‐1.258  0.308  ‐1.173  0.247  condition     1.479  .238  0.057                 
             
        
F  p  Partial Eta Squared 
Alpha 
Sham  18  ‐1.376  0.363  ‐1.303  0.355 
Alpha 
time  4.860  .032  0.090 
Cathodal  18  ‐1.299  0.364  ‐1.205  0.349 
time*condition  0.049  .952  0.002 
Anodal  16  ‐1.289  0.364  ‐1.184  0.294 
condition     0.535  .589  0.021 
                
             
        
F  p  Partial Eta Squared 
Beta 
Sham  18  ‐1.848  0.273  ‐1.813  0.326 
Beta 
time  7.782  .007  0.137 
Cathodal  18  ‐1.980  0.309  ‐1.829  0.279  time*condition  0.962  .389  0.038 
Anodal  16  ‐1.851  0.216  ‐1.741  0.264  condition     0.832  .441  0.033 
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Table R 
Results for eyes open resting state power analyses, rTPJ versus lTPJ (mixed model ANOVAs, time x hemisphere x condition). Analyses conducted on log 
transformed data. 
Power by bandwidth, rTPJ, lTPJ (uV2, LG10 transformed): Means, error  ANOVA results (time x hemisphere x condition; uV2, LG10 transformed) 
         Pre     Post          F  p 
Partial 
Eta 
Squared 
    n  M  SD    M  SD   
Delta 
time    2.732  .105  0.053 
rTPJ 
(Delta) 
Sham  18  ‐1.362  0.228    ‐1.491  0.328    time*condition    5.075  .010  0.172 
Cathodal  18  ‐1.402  0.304    ‐1.293  0.419    time*hemisphere*condition    0.476  .624  0.019 
Anodal  16  ‐1.371  0.391    ‐1.143  0.184    condition     1.955  .152  0.074 
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Figure C. Effect of condition (sham, cathodal, and anodal) on TPJ Delta power (pooled across rTPJ and lTPJ, log transformed uV2) during resting state (eyes 
open). 
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Table S 
Results for eyes open resting state power analyses for frontal electrodes (mixed model ANOVAs, time x condition). Analyses conducted on log transformed 
data. 
Power, frontal electrodes (uV2, LG10 transformed): Means, error     ANOVA results (time x condition; uV2, LG10 transformed)    
      Pre  Post          F  p 
Partial 
Eta 
Squared 
    n  M  SD  M  SD   
Delta 
time    5.003  .030  0.093 
Delta 
Sham  18  ‐0.836  0.517  ‐0.911  0.461    time*condition    3.191  .050  0.115 
Cathodal  18  ‐0.974  0.381  ‐0.718  0.364    condition     0.488  .617  0.020 
Anodal  16  ‐0.860  0.401  ‐0.644  0.424               
       
                         F  p 
Partial 
Eta 
Squared 
Theta 
Sham  18  ‐1.141  0.255  ‐1.202  0.334   
Theta 
time    3.225  .079  0.062 
Cathodal  18  ‐1.203  0.255  ‐0.969  0.292    time*condition    4.274  .019  0.149 
Anodal  16  ‐1.169  0.285  ‐1.115  0.219    condition     0.639  .532  0.025 
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Figure D. Effect of condition (sham, cathodal, and anodal) on Delta power (pooled across frontal electrodes, log transformed uV2) during resting state (eyes 
open). 
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Figure E. Effect of condition (sham, cathodal, and anodal) on Theta power (pooled across frontal electrodes, log transformed uV2) during resting state (eyes 
open). 
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Table T 
Results for eyes open resting state power analyses for central electrodes (mixed model ANOVAs, time x condition). Analyses conducted on log transformed 
data. 
Power, central electrodes (uV2, LG10 transformed): Means, error     ANOVA results (time x condition; uV2, LG10 transformed) 
      Pre  Post          F  p  Partial Eta Squared 
    n  M  SD  M  SD   
Delta 
time    2.665  .109  0.052 
Delta 
Sham  18  ‐1.101  0.335  ‐1.202  0.304    time*condition    3.514  .037  0.125 
Cathodal  18  ‐1.173  0.296  ‐1.037  0.326    condition     1.050  .358  0.041 
Anodal  16  ‐1.129  0.333  ‐0.918  0.307               
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Figure F. Effect of condition (sham, cathodal, and anodal) on Theta power (pooled across central electrodes, log transformed uV2) during resting state (eyes 
open). 
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5.2. Additional introduction material for the second empirical paper  
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5. Given that strict word limits do not apply for the relevant journal, the introduction proper in 
Chapter 5 provides most of the relevant introductory detail. A small amount of further information is 
provided here, for the purpose of this thesis, in order to augment the EEG/ASD (or autism‐relevant 
trait) literature background. 
Regarding neurophysiology and the autism spectrum, a number of EEG studies have begun 
to establish trends regarding differences in resting state indices and in event‐related potentials ERPs 
during tasks such as facial emotion processing. Although studies and results are characteristically 
varied, two resting state themes emerge relatively consistently. First, much of the evidence supports 
the notion of an ‘inverted‐U’ shaped distribution of spectral power where, in contrast to healthy 
controls, participants with ASD show elevated delta/theta and beta/gamma, along with reduced 
alpha power (Cornew, Roberts, Blaskey, & Edgar, 2012; Pop‐Jordanova, Zorcec, Demerdzieva, & 
Gucev, 2010; Wang et al., 2013). One potential explanation proffered in this regard is altered 
modulation of pyramidal cell excitation due to aberrant physiology of GABAergic interneurons, 
which potentially meshes with evidence regarding cortical minicolumn and excitation/inhibition 
atypicalities in ASD (Casanova, Sokhadze, Opris, Wang, & Li, 2015; Wang et al., 2013). Second, power 
tends to be enhanced in the left (LH) relative to the right hemisphere (RH) across frequency bands in 
ASD (relative to controls) (Cantor, Thatcher, Hrybyk, & Kaye, 1986; Stroganova et al., 2007). Wang et 
al. (2013) hypothesise that this asymmetry may be of clinical relevance with regard to language 
difficulties often experienced in ASD, via a mechanism of reduced LH signal‐to‐noise ratio during 
active task processing. 
With respect to ERPs, longer latencies and reduced amplitudes during facial emotion 
processing have been observed in ASD for the P100 (Chronaki, 2016), N170 (Dawson, Webb, & 
McPartland, 2005; McPartland, Dawson, Webb, Panagiotides, & Carver, 2004), and the P300 
(Chronaki, 2016; Dawson, Webb, & McPartland, 2005). Opinions regarding exactly what these ERPs 
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represent in terms of contribution to facial emotion processing vary, but common understandings 
include the following: the P100 indicates the level of attentional capture (Batty & Taylor, 2003); the 
N170 reflects a higher level of semantic identification and feature collation (Batty & Taylor, 2003; 
Mavratzakis, Herbert, & Walla, 2016); and the P300 may represent a range of sub‐processes 
contributing to evaluation and decision making (Linden, 2005). Evidence suggests that all three ERPs 
are sensitive (in terms of amplitude and latency) to the intensity and valence of facial emotions 
observed (Izurieta Hidalgo et al., 2016; Lang, Nelson, & Collins, 1990).  
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Abstract  
The temporoparietal junction (TPJ) is implicated in mental and emotional state attribution, 
processes associated with autism‐relevant traits. Transcranial direct current stimulation (tDCS) to 
the TPJ can influence social‐cognitive performance. However, associations with electrophysiology 
and autism‐relevant traits remain relatively unexamined. This study had two aims: first, exploring 
links between Autism‐Spectrum Quotient (AQ) scores and social‐cognitive performance; second, 
examining interactions between AQ scores and high‐definition‐tDCS (HD‐tDCS) applied to the right 
TPJ in terms of mental/emotional state attribution and neurophysiological outcomes. 53 participants 
completed mental/emotional state attribution tasks before and after HD‐tDCS. Pre‐stimulation 
mental state attribution accuracy was reduced in participants with higher AQ Switching scores. 
Cathodal stimulation was associated with reduced emotion attribution performance in participants 
with higher AQ Switching and AQ Social scores (the latter at trend‐level). Anodal stimulation more 
frequently interacted with AQ Social scores in terms of neurophysiology, in particular regarding 
reduced delta power in the left compared to right TPJ, and trend‐level positive interactions with 
P100 and P300 latencies during the emotion recognition task. Elements of attention/switching (AQ 
Switching) may subserve or underpin elements of social cognition (AQ Social), and cathodal and 
anodal stimulation may have differing effects depending on trait levels in these domains. This study 
makes an important and original contribution in terms of increasing understanding of how such trait‐
level variation might interact with the effects of tDCS, and also extending previous studies with 
regard to understanding potential roles of the rTPJ in both attention and social cognition and how 
autism‐relevant traits might influence TPJ function.  
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Introduction 
The human capacity to infer and reflect upon the agency (for example intentions and beliefs) and 
affective states of self and others is often labelled ‘mentalising’ or ‘theory of mind.’ Deficits in such 
aspects of social cognition are thought to underlie important aspects of clinical presentations, such 
as autism spectrum disorder (ASD) (Leekam, 2015). Defined phenotypically by deficits in social 
communication and interaction, and restricted, repetitive behaviours (American Psychiatric 
Association, 2013), ASD is increasingly conceptualised as a cluster of conditions, with diverse 
neurobiology resultant from complex genetic and environmental interactions during critical early 
neurodevelopmental stages (Abrahams & Geschwind, 2008; Geschwind & Levitt, 2007).  
A key component of the mentalising network (Saxe & Wexler, 2005), the temporoparietal 
junction (TPJ) has also been implicated in attention switching (Scholz, Triantafyllou, Whitfield‐
Gabrieli, Brown, & Saxe, 2009; Trautwein, Singer, & Kanske, 2016), memory (Burianova, McIntosh, & 
Grady, 2010) and ASD (Lombardo, Chakrabarti, Bullmore, & Baron‐Cohen, 2011), among other 
processes and clinical conditions. Other findings supporting the likelihood of a critical role for the TPJ 
in aberrant social cognition include neurological TPJ‐related differences that have been observed in 
ASD, such as grey matter volumetric and functional connectivity abnormalities (Ecker et al., 2012; 
Kana, Libero, Hu, Deshpande, & Colburn, 2014). Furthermore, atypical TPJ function during 
mentalising tasks is associated with the degree of reciprocal social impairment in ASD (Lombardo et 
al., 2011). Most such studies are correlational in nature, however, and cannot directly investigate 
the role of the TPJ in social cognitive processes in the way that transcranial stimulation technologies 
can. 
Some studies have examined possible therapeutic roles for transcranial stimulation 
technologies in ASD (Oberman, Rotenberg, & Pascual‐Leone, 2013). For example, repetitive 
transcranial magnetic stimulation (rTMS) applied to the medial prefrontal cortex (a part of the 
mentalising network structurally/functionally connected to the TPJ) has shown potential social‐
relating symptom benefits in ASD (Enticott et al., 2014). Results are very preliminary, however, and 
147 
 
no studies have examined the impacts of TPJ modulation in terms of social cognitive performance 
relevant to autism. Nor have prior studies examined neurophysiological correlates of behavioural 
outcomes, which is important in terms of understanding the spatiotemporal effects of stimulation 
protocols, identifying potential candidate neurological mechanisms of modulatory effects, and 
increasing the likelihood/possibility of translational clinical applications (Sellaro, Nitsche, & Colzato, 
2016; Shafi, Westover, Fox, & Pascual‐Leone, 2012). One way to begin exploring in this regard is by 
utilising the notion that autism‐relevant traits extend into the general population in a continuum 
(Constantino & Todd, 2003; Jung et al., 2014; Ruzich et al., 2015). The present study used the 
Autism‐Spectrum Quotient (AQ) (Baron‐Cohen, Wheelwright, Skinner, Martin, & Clubley, 2001) to 
this end. Given the aforementioned roles of the TPJ in both social cognition and attention 
reorienting, the Social Skills and Attention Switching AQ subscales in particular were used. 
Regarding neurophysiology and the autism spectrum, a number of electroencephalography 
(EEG) studies have begun to establish trends regarding differences in resting state indices and in 
event‐related potentials (ERPs) during tasks such as facial emotion processing. Although studies and 
results are characteristically varied, two resting state themes emerge relatively consistently. First, 
evidence supports the notion of an ‘inverted‐U’ shaped distribution of spectral power where, in 
contrast to healthy controls, participants with ASD show elevated delta/theta and beta/gamma, 
along with reduced alpha power (Figure 1) (Cornew, Roberts, Blaskey, & Edgar, 2012; Pop‐
Jordanova, Zorcec, Demerdzieva, & Gucev, 2010; Wang et al., 2013). Second, power tends to be 
enhanced in the left (LH) relative to the right hemisphere (RH) across frequency bands in ASD 
(relative to controls) (Cantor, Thatcher, Hrybyk, & Kaye, 1986; Stroganova et al., 2007). With 
reference to ERPs, longer latencies and reduced amplitudes during facial emotion processing have 
been observed in ASD for the P100 (Chronaki, 2016), N170 (Dawson, Webb, & McPartland, 2005; 
McPartland, Dawson, Webb, Panagiotides, & Carver, 2004), and the P300 (Chronaki, 2016; Dawson, 
Webb, & McPartland, 2005). By way of linking these themes to the present study, prior research 
points to posterior parietal and temporoparietal regions with reference to such spectral power 
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differences and ERP components relevant to social cognition (Itier & Taylor, 2004; Mavratzakis, 
Herbert, & Walla, 2016; McCleery, Surtees, Graham, Richards, & Apperly, 2011).  
 
 
Figure 1.    Illustration of  the U‐shaped profile of  abnormal  resting  state power pattern  in  autism  spectrum 
disorders (ASD). Taken from Wang et al. (2013). 
 
tDCS involves delivery of low currents via scalp electrodes to targeted cortical areas, which 
can modulate membrane potentials and cortical excitability in a transient manner. Though the 
impacts of varying protocols are complex (Horvath, Carter, & Forte, 2014), anodal tDCS generally 
promotes depolarisation of resting membrane potentials in underlying cortical tissue (increasing 
rates of neuronal firing), while cathodal tDCS is understood to increase hyperpolarisation and reduce 
firing rates (Nitsche et al., 2008). tDCS studies suggest TPJ modulation can influence performance in 
tasks involving mentalising (or related constructs such as moral reasoning, cognitive empathy, visual 
perspective taking, imitation inhibition, humour appreciation, lie detection, vicarious experience, 
and integrating top‐down and bottom‐up attention) (Leloup, Dongo Miletich, Andriet, 
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Vandermeeren, & Samson, 2016; Mai et al., 2016; Santiesteban, Banissy, Catmur, & Bird, 2015; 
Sellaro et al., 2015; Slaby et al., 2015; Sowden, Wright, Banissy, Catmur, & Bird, 2015; 
Vandenbroucke, Bardi, Lamm, & Goubert, 2016; Wu et al., 2015; Ye et al., 2015). The present study 
also improves on prior methodologies by using high definition transcranial direct current stimulation 
(HD‐tDCS) rather than standard tDCS. This increases focality of stimulation, meaning that specific 
regions can be better targeted, and inferences regarding causality/function of said regions can be 
made with greater confidence (Datta et al., 2009; Dmochowski, Datta, Bikson, Su, & Parra, 2011; 
Villamar et al., 2013).  
Despite inter‐ and intra‐individual differences to responses to tDCS and tDCS, relatively little 
has been said regarding the interactions of factors such as underlying biology or traits with 
stimulation protocols and outcomes (Hinder et al., 2014; Krause & Kadosh, 2014; Wiethoff, Hamada, 
& Rothwell, 2014). As an example of the influence of underlying biology, Nitsche et al. (2009) 
manipulated baseline serotonin levels pharmacologically and reported altered effects of tDCS: 
excitability after anodal stimulation was enhanced, whereas inhibition after cathodal stimulation 
became facilitation under the higher serotonin levels. A further example that highlights interactions 
at the trait level examined anxiety related to mathematics performance influenced the effects of 
tDCS with regards to mathematics performance (Sarkar, Dowker, & Cohen Kadosh, 2014). In this 
study, tDCS to the dlPFC improved some aspects of arithmetic performance (while reducing cortisol 
levels) in individuals with high anxiety, with the reverse pattern occurring for low mathematics 
anxiety individuals. Findings such as these emphasise the importance of better understanding the 
influences of such underlying state‐ and trait‐based factors on stimulation effects. Indeed, this 
presents a critical challenge and opportunity for the field, both in terms of research and developing 
effective clinical applications (Lopez‐Alonso, Cheeran, Rio‐Rodriguez, & Fernandez‐Del‐Olmo, 2014).  
A number of novel studies have suggested that autism‐relevant traits in the general 
population influence neurophysiological outcomes as diverse as resting state functional connectivity 
of the default mode network (Jung et al., 2014), event‐related low‐beta suppression during emotion 
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processing (Cooper, Simpson, Till, Simmons, & Puzzo, 2013), N170 amplitudes and latencies during 
face/object recognition tasks (Dawson, Webb, Wijsman, et al., 2005), and EEG activation across 
different bandwidths during action observation (Puzzo, Cooper, Vetter, & Russo, 2010). 
Furthermore, preliminary evidence suggests that AQ scores in the general population may mediate 
neurophysiological and behavioural responses to transcranial magnetic stimulation (TMS) protocols 
(Puzzo, Cooper, Cantarella, Fitzgerald, & Russo, 2013; Puzzo, Cooper, Vetter, Russo, & Fitzgerald, 
2009). However, such combined studies have not been carried out with tDCS, nor focused 
specifically on the right TPJ (rTPJ). The present study therefore had two aims: (a) exploring the link 
between autism‐relevant traits and pre‐stimulation social cognitive performance and 
neurophysiology; and (b) to examine how autism‐relevant traits interact with rTPJ HD‐tDCS (anodal, 
cathodal and sham) in terms of behavioural (facial emotion identification accuracy and latency) and 
neurophysiological (resting state EEG and ERP indices) outcomes. It was hypothesised that higher AQ 
scores would be associated with reduced pre‐stimulation task performance (reduced accuracy and 
increased latency where applicable), as well as impacting EEG outcomes (be more likely to be related 
to an ‘inverted‐U’ shaped resting power profile as shown in Figure 1, with greater relative LH 
dominance, as well as increasing ERP latency and reducing amplitudes). It was also hypothesised 
that AQ scores would be more likely to be associated with behavioural and neurophysiological 
outcomes in active (as opposed to sham) stimulation conditions. 
Methods 
Please note that results from another aspect of this work (i.e., effect of HD‐tDCS to rTPJ on 
mentalising/self‐other processing) are described elsewhere (Donaldson, Kirkovski, Rinehart, & 
Enticott, 2017). These papers were separated as their aims and analyses differ significantly. 
Participants 
56 participants provided written informed consent. Participants were screened via safety guidelines 
for transcranial stimulation (Rossi, Hallett, Rossini, & Pascual‐Leone, 2009) and the MINI 
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International Neuropsychological Interview (Lecrubier et al., 1997). Two were excluded as they did 
not meet eligibility criteria, and one was excluded due to technical issues during testing. The final 
sample comprised 53 healthy right‐handed volunteers aged 18‐40 with normal or corrected‐to‐
normal vision. All protocols were approved by the human research ethics committee of Deakin 
University. Participant demographics are outlined in Table 1. There were no significant differences 
between groups on any factor except for sex (the cathodal group had significantly more females 
than the anodal group). Information regarding time of day tested was also recorded and assessed, as 
it has been suggested that circadian factors and the physiology of sleep/wake states may mediate 
plasticity and responses to stimulation (Li, Uehara, & Hanakawa, 2015).  
Table 1: Participant characteristics as per group.
   
Variable  Sham (n = 18)  Cathodal (n = 18)  Anodal (n =17) 
ANOVA statistics 
(Cramer's V for 
Sex) 
  M  SD  M  SD  M  SD  F  p 
Age  26.5  6.6  24.4  4.4  24.3  5.4  0.90  .41 
Years of education  17  2.6  17.3  2.6  17.4  3.4  0.10  .91 
Time of day tested  11:34  2.6  11:52  2.6  11:00  2.4  0.20  .82 
EHI  0.88  0.2  0.83  0.2  0.85  0.2  0.24  .79 
AQ  12.9  7.1  12.4  5.6  13.6  6.8  0.14  .87 
Sex  10 F  8 M  14 F  4 M  6 F  11 M  V = .35  .04* 
Note: EHI = Edinburgh Handedness Inventory; AQ = Autism‐Spectrum Quotient total score; V = Cramer's V.    
*Post‐hoc testing suggests cathodal differs from anodal with regards to sex (p = .03). No other significant differences. 
 
Tasks 
The Reading the Mind in The Eyes task (RME) is a broadly used instrument for assessing advanced 
mentalising and facial affect recognition (Baron‐Cohen, Wheelwright, Hill, Raste, & Plumb, 2001). It 
contains 36 images of people’s eye region, with one descriptive word in each corner of the screen. 
For example, a participant might have to choose between “hateful,” “jealous,” “arrogant,” or 
“panicked,” based on the eye region alone. Participants indicated, via keyboard, which of the four 
available words best describe the pictured person’s mental or emotional state. Correct answers 
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were scored 1, incorrect answers 0, yielding a total accuracy score. Stimulus presentation was 
randomised pre‐ and post‐stimulation.  
The Fear Surprise Task, which has also been referred to as the Static and Dynamic Emotion 
Recognition Task (Enticott, Johnston, Herring, Hoy, & Fitzgerald, 2008; Johnston et al., 2010), 
assesses facial emotion recognition. Fear and surprise use similar muscles during expression, and are 
vulnerable to being miscategorised reciprocally. Overall, participants respond to 96 trials (48 
dynamic 1s videos morphing from neutral to emotional expression at 24 frames/s; 48 static 
photographs), with images based on faces of 6 actors from the NimStim stimulus set (Tottenham et 
al., 2009). Of the dynamic stimuli, 24 trials were either surprise or fear. The remaining 24 trials were 
morphed between the two emotional expressions, 12 weighted at 66% surprise, the other 12 at 66% 
fear. Participants were asked to indicate, via labelled keyboard letters, whether the face was 
displaying fear or surprise. Stimuli were shown in colour against a black background, presentation 
being randomised across all 96 trials. The number of correct responses, and the reaction time for 
each trial were recorded to provide outcome measures of total accuracy and average reaction times.  
Procedure 
Participants completed the Edinburgh Handedness Inventory (Oldfield, 1971) to ensure right‐
handedness. Eligible participants completed the Autism‐Spectrum Quotient (AQ) (Baron‐Cohen, 
Wheelwright, Skinner, et al., 2001) and the Social Responsiveness Scale, Second Edition (SRS‐2) 
(Frazier et al., 2013) in order to assess levels of traits relevant to autism and social cognition 
proficiency. The AQ is a 50‐item self‐report measure of traits relevant to ASD intended for adults of 
average intelligence (Baron‐Cohen et al., 2001). The questions cover five domains (Social Skills, 
Communication Skills, Imagination, Attention to Detail, and Attention Shifting), and are responded 
to according to a 4‐point Likert scale. The AQ has acceptable psychometric properties and is the 
most frequently used measure of autism‐relevant traits (Ingersoll, Hopwood, Wainer, & Brent 
Donnellan, 2011). The AQ subscales chosen for analyses here were Social Skills (AQ Social) and 
Attention Switching (AQ Switching). The former was chosen for its relevance to mental/emotional 
153 
 
state attribution (for example “I find it difficult to work out people’s intentions”). The latter was 
chosen due to its relevance to another proposed function of the rTPJ; attention 
reorientation/switching. Problems with disengagement and reorientation of attention have 
frequently been observed in autism, and have even been posited to underpin developmental social‐
communicative deficits (Orekhova & Stroganova, 2014). Given the AQ Switching subscale partly taps 
into attention disengagement/reorienting (for example “If there is an interruption, I can switch back 
to what I was doing very quickly”), it is possible that rTPJ modulation might influence the interaction 
between AQ Switching and behavioural/neurophysiological outcomes.  
Participants were fitted with an EEG cap (www.easycap.de/), and the sites for HD‐tDCS 
electrodes marked (see Figure 2). The cap was then removed. HD‐tDCS electrode sites were cleaned 
with abrasive paste and alcohol swabs, before fixing electrodes (20mm diameter circular rubber, 
supplied by NeuroConn) into position with Ten20 conductive paste. An impedance check was carried 
out to ensure appropriate conductance. If impedance was too high, electrode sites were re‐cleaned 
and the electrodes re‐fixed, until impedance was < 50 kΩ, which neuroConn advises is sufficiently 
low to transfer current effectively (neuroConn, 2014). The EEG cap was replaced, ensuring HD‐tDCS 
electrodes and previously marked scalp locations were appropriately positioned. Single silver‐silver 
chloride (Ag‐AgCl) sintered ring electrodes were fastened to the cap with plastic clips at the sites 
displayed in Figure 2 and conductive gel applied. Electrodes were also placed on each mastoid, 
above and below the left eye, and on the lateral canthus of each eye. The ground electrode was 
placed centrally on the forehead. Two experimenters completed this setup process. The second 
experimenter then left the room before the next stage. 
Participants were seated in a darkened room, with eyes 60cm from the computer monitor 
(www.benq.us/product/monitor/XL2420TE/specifications). They sat for two minutes during resting 
state (eyes open) EEG recording, during which they were instructed to focus on a white fixation cross 
in the centre of the blackened screen. EEG was then recorded for two minutes while participants 
were asked to keep their eyes closed. A 64‐channel SynAmps amplifier was used for acquisition 
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(Compumedics Neuroscan, Charlotte, NC; http://compumedicsneuroscan.com). EEG recordings were 
in DC at a sampling rate of 1000 Hz. Impedances were kept below 5 kΩ where possible (with all 
impedances kept below 10 kΩ). Computerised social cognition tasks were then undertaken, all 
presented using E‐Prime v2.0, Psychology Software Tools Inc.; http://www.pstnet.com/prime). EEG 
was recorded during the FST, with triggers marking stimulus onset.  
 
Figure 2: Diagram of EEG electrode layout (green circles) and HD‐tDCS electrode montage (yellow circles 0.5 mA 
each, navy blue circle 2 mA, polarity depending on anodal or cathodal condition). Electrodes were also placed 
on each mastoid, above and below the left eye, and on the lateral canthus of each eye. The ground electrode 
was placed centrally on the forehead.  
 
At this point, the second experimenter returned to the room. The first experimenter then 
left the room to remain blinded. An impedance check was carried out on HD‐tDCS electrodes. HD‐
tDCS was applied to the rTPJ using a NeuroConn DC‐Stimulator (MC Version; 
http://www.neurocaregroup.com). The montage was chosen according to optimal current intensity 
and focality, based on Soterix neurotargeting software (http://soterixmedical.com/software). The 
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configuration, current at each electrode, and modelling of stimulation intensity (for anodal 
stimulation) are displayed in Figure 3. For anodal stimulation, the central electrode (P6) was the 
anode, with the other four electrodes (C6, TP8, PO8, P2) collectively forming the cathode (see also 
Figure 2). The reverse polarity arrangement constituted cathodal stimulation. Active stimulation 
(anodal or cathodal) applied a current intensity of 2 mA (split evenly between electrodes as shown in 
Figure 3) for 20 minutes, with a 30 second ramp‐up and ramp‐down at the beginning and end. Sham 
stimulation was also 20 minutes, but contained only three short, intermittent bursts of active 2 mA 
stimulation (totalling 230 seconds, each burst with a 30 second ramp‐up and ramp‐down). 
Participants were seated in a non‐darkened room during stimulation, and were not engaged in any 
activities. EEG was not recorded during stimulation. 
 
Figure 3. Montage and Soterix modelling for cathodal stimulation of the rTPJ. Polarities are reversed for anodal 
stimulation. 
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After HD‐tDCS experimenter two left the room again and experimenter one returned. EEG 
impedances were re‐checked and reduced via addition and manipulation of extra conductive gel 
where necessary, before the resting state and then social cognition tasks (randomised order) were 
repeated. Afterwards, participants completed a survey regarding tolerability of stimulation and 
guessing stimulation condition.  
EEG data analysis 
EEG data were processed and analysed offline using Curry 7 Neuroimaging Suite 
(http://compumedicsneuroscan.com). Data were baseline corrected, re‐referenced to the average of 
the two mastoids, and band pass filtered (1‐30 Hz). Oculomotor artefacts were identified (vertical, 
100 uV; horizontal, 130 uV) and reduced via the covariation procedure within Curry. Bad blocks were 
also identified (±75 uV, as well as visually) and marked for exclusion from further analysis. For 
resting state data, back‐to‐back one‐second epochs were saved and averaged. Power analysis was 
carried out across delta (<3 Hz), theta (3‐8 Hz), alpha (8‐12 Hz) and beta (12‐30 Hz) bandwidths for 
each electrode. Overall, 88% of epochs were retained for analysis for both eyes closed and open. For 
FST, data were epoched from 200 ms pre‐trigger to 800 ms post‐trigger, for static images only. 
Outliers were rejected via visual inspection. Overall, 86% of trials were retained for analysis 
(averaged across all participants). All event groups were averaged. Minimum and maximum peaks 
(and latencies) were extracted for the following ERP components: P100 (50‐150 ms; P7 and P8), 
N170 (120‐220 ms; P7 and P8) and P300 (300‐450 ms; F3, FZ and F4). These time ranges and channel 
selections (as well as reference and ground electrode choices) were based on prior usage (Izurieta 
Hidalgo et al., 2016; Shim et al., 2016).  
General data analysis 
All statistical procedures were carried out in SPSS Version 22. Data were screened for normality and 
outliers. The latter were winsorised, and the appropriate procedures were adopted to manage the 
former (transformations when possible or non‐parametric alternatives used when not). In general, 
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multiple regressions (forced entry) were used where possible to examine whether behavioural or 
electrophysiological outcome variables accounted for significant variance in AQ Social or AQ 
Switching scores, and whether stimulation condition influenced these associations. In cases where 
regression analyses were repeated separately for AQ Social and AQ Switching, the alpha level was 
reduced to .025 to reduce the risk of type one error. Bootstrapping was utilised in the case of 
significant pre‐post findings where sample sizes per condition were relatively small (n = 16 to n = 18), 
to ensure findings were robust. For summary tables of behavioural, ERP, and resting state results, 
see Tables 2, 3 and 4, respectively. 
Results 
With the exception of the Reading the Mind in the Eyes task, pre‐stimulation results (concerning the 
ability of AQ Social or AQ Switching scores to predict task performance or EEG outcomes) were non‐
significant and are reported in the supplementary materials. 
Reading the Mind in the Eyes task (RME) 
Multiple regression (forced entry) was used to examine how well the AQ sub‐scales (AQ Social and 
AQ Switching) predicted RME accuracy (percent) pre‐stimulation. The model accounted for 25.2% 
(R2) of variance in RME accuracy, F (2, 50) = 8.43, p = .001. Only AQ Switching was significant in the 
final model, however (beta = ‐.55, p < .001). Higher AQ Switching scores were associated with 
reduced RME accuracy. See Table A in supplementary materials for full results.  
  To determine whether stimulation interacted with AQ (Social or Switching) and RME 
performance, the same regression model was run with RME accuracy change (post – pre 
stimulation) as the dependent variable, and the data file split according to stimulation condition. 
Only the model for the sham condition was statistically significant, accounting for 69.2% (adjusted 
R2) of variance in RME accuracy change, F (2, 15) = 8.43, p < .001. AQ Switching was again significant 
in this model (beta = 1.04, p < .001), and this remained significant after bootstrapping (bias 
corrected accelerated; p = .001). AQ Social did not significantly contribute to the model (beta = ‐.326, 
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p = .098), though the significance approached trend level after bootstrapping (p = .053). Higher AQ 
Switching scores were associated with RME accuracy improvements after sham stimulation only (not 
active stimulation). See Table B in supplementary materials for full results. However, this association 
may have been influenced by between‐group differences (in terms of correlations between AQ 
scores and pre‐stimulation RME performance). Pearson correlations were employed to examine this 
possibility. In the sham condition only, AQ Switching scores were negatively correlated with pre‐
stimulation RME performance, r = ‐.78, n = 18, p < .001.  
Fear Surprise Task (FST) – averaged across all static/dynamic and fear/surprise stimuli 
Results were non‐significant for all analyses (see Tables C to F in supplementary materials).  
Fear Surprise Task (FST) – averaged across static stimuli only 
Pre‐stimulation findings were non‐significant (see tables G‐H in the supplementary materials). 
To determine whether stimulation interacted with FST performance (in terms of predicting 
AQ Social and AQ Switching scores), regression models were run with FST (static stimuli only, fear 
and surprise) accuracy and RT change (post – pre stimulation) as the predictor variables, and the 
data file split according to stimulation condition.  
Results were non‐significant for the sham and anodal conditions with regard to AQ Social 
(Table I in supplementary materials). However, in the cathodal condition, the model accounted for 
37.8% (adjusted R2) of variance in AQ Social scores, F (4, 13) = 3.59, p = .035, a non‐significant finding 
at the adjusted alpha level of .025. Difference scores for static/fear RTs (beta = .68, p = .009) and 
static/surprise accuracy (beta = ‐.74, p = .006) were significant individual contributors to the model, 
and remained significant after bootstrapping (p = .042 and p = .021, respectively). Reduced 
improvements in RT (static/fear) and accuracy (static/surprise) were associated with higher AQ 
Social scores after cathodal stimulation. 
Results were similar with regard to AQ Switching, where findings were non‐significant for 
the sham and anodal conditions (Table J in supplementary materials). However, in the cathodal 
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condition, the model accounted for 59.2% (adjusted R2) of variance in AQ Switching scores, F (4, 13) 
= 7.17, p = .003. Difference scores for static/fear RTs (beta = .60, p = .005) and static/surprise 
accuracy (beta = ‐.881, p < .001) were significant individual contributors to the model, and remained 
significant after bootstrapping (p = .012 and p = .005, respectively). The difference score for 
static/surprise RTs (beta = ‐.39, p = .044) was also significant in the original model, however, only 
approached trend after bootstrapping (p = .072). Again, reduced improvements in RT (static/fear) 
and accuracy (static/surprise) were associated with higher AQ Switching scores after cathodal 
stimulation.  
Pre‐stimulation Pearson correlations examining associations between AQ Social/Switching 
scores and pre‐stimulation FST variable values in the three groups were non‐significant in all 
instances. 
ERPs ‐ P100 
Pre‐stimulation findings were non‐significant (see tables K‐L and O‐P in the supplementary 
materials). 
To determine whether stimulation interacted with the P100 (in terms of predicting AQ Social 
and AQ Switching scores), regression models were run with latency (ms) and amplitude (uV) change 
(post – pre stimulation) as the predictor variables, and the data file split according to stimulation 
condition. Results were non‐significant for the sham and cathodal conditions with regard to AQ 
Social (Table M in supplementary materials). However, in the anodal condition, the model accounted 
for 27% (adjusted R2) of variance in AQ Social scores, F (2, 14) = 3.96, p = .043, a non‐significant 
finding at the adjusted alpha level of .025. Latency difference score contributed significantly to the 
original model (beta = .60, p = .016). However, this did not reach statistical significance after 
bootstrapping (p = .058). Increased latencies were associated with higher AQ Social scores after 
anodal stimulation (trend‐level). Results were non‐significant with regards to AQ Switching (Table N 
in supplementary materials). 
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To determine whether stimulation interacted with P100 hemispheric differences (in terms of 
predicting AQ Social and AQ Switching scores), regression models were run with latency (ms) and 
amplitude (uV) change (post – pre stimulation, P7 ‐ P8) as the predictor variables, and the data file 
split according to stimulation condition. Results were non‐significant for the sham and cathodal 
conditions with regard to AQ Social (Table Q in supplementary materials). However, in the anodal 
condition, the model accounted for 30.8% (adjusted R2) of variance in AQ Social scores, F (2, 14) = 
3.96, p = .030, a non‐significant finding at the adjusted alpha level of .025. Latency difference score 
contributed significantly to the original model (beta = .65, p = .009), and this retained significance 
after bootstrapping (p = .015). Increased latencies in the left compared to right hemisphere were 
associated with higher AQ Social scores after anodal stimulation (trend‐level). Results were non‐
significant with regards to AQ Switching (Table R in supplementary materials). 
Pre‐stimulation Pearson correlations examining associations between AQ Social/Switching 
scores and pre‐stimulation P100 variable values in the three groups were non‐significant in all 
instances. 
ERPs – N170 
Results were non‐significant for all N170 regression analyses. See tables S to Z in the supplementary 
materials for full reports. 
ERPs – P300 
Pre‐stimulation findings were non‐significant (see tables A1‐B1 in the supplementary materials). 
To determine whether stimulation interacted with the P300 (in terms of predicting AQ Social 
and AQ Switching scores), regression models were run with latency (ms) and amplitude (uV) change 
(post – pre stimulation) as the predictor variables, and the data file split according to stimulation 
condition. Results were non‐significant in the sham and cathodal conditions with regard to AQ Social 
(Table C1 in supplementary materials). However, in the anodal condition, the model accounted for 
27.5% (adjusted R2) of variance in AQ Social scores, F (2, 14) = 4.03, p = .041, a non‐significant finding 
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at the adjusted alpha level of .025. Latency difference score contributed significantly to the original 
model (beta = .55, p = .023), however, this did not reach statistical significance after bootstrapping 
(p = .069). Increased P300 latencies were associated with higher AQ Social scores after anodal 
stimulation (trend‐level). Results were non‐significant with regards to AQ Switching (Table D1 in 
supplementary materials). 
Pre‐stimulation Pearson correlations examining associations between AQ Social/Switching 
scores and pre‐stimulation P300 variable values in the three groups were non‐significant in all 
instances. 
Resting State, Eyes Open 
Pre‐stimulation findings were non‐significant (see tables E1‐F1 and I1‐J1 in the supplementary 
materials). 
Stimulation did not interact with spectral power, in terms of interactions with AQ Social and 
AQ Switching scores. See Tables G1 and H1 in supplementary materials.  
To determine whether stimulation interacted with spectral power (in terms of predicting AQ 
Social and AQ Switching scores) and hemisphere, regression models were run with spectral 
bandwidth power change (post – pre stimulation, P7 – P8) as the predictor variables, and the data 
file split according to stimulation condition. Results were non‐significant for the sham and cathodal 
conditions with regard to AQ Social (Table K1 in supplementary materials). However, in the anodal 
condition, the model accounted for 48% (adjusted R2) of variance in AQ Social scores, F (4, 11) = 
4.46, p = .022. Delta power contributed significantly to the original model (beta = ‐.64, p = .010), and 
this retained significance after bootstrapping (p = .043). Theta power contributed to the original 
model (beta = ‐.57, p = .014), however, this was not significant after bootstrapping (p = .097). 
Decreased delta power in the left compared to right hemisphere was associated with higher AQ 
Social scores after anodal stimulation. Results were non‐significant for the sham and anodal 
conditions with regard to AQ Switching (Table L1 in supplementary materials). However, in the 
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cathodal condition, the model accounted for 35% (adjusted R2) of variance in AQ Switching scores, F 
(4, 13) = 3.287, p = .045, a non‐significant finding at the adjusted alpha level of .025. Delta power 
contributed significantly to the original model (beta = ‐.66, p = .015), and this retained significance 
after bootstrapping (p = .038). Theta power also contributed to the original model (beta = .66, p = 
.038), and this retained significance after bootstrapping (p = .036). Decreased delta power and 
increased theta power in the left compared to right hemisphere were associated with higher AQ 
Switching scores after cathodal stimulation (trend‐level). 
Pre‐stimulation Pearson correlations examining associations between AQ Social/Switching 
scores and pre‐stimulation bandwidth variable values in the three groups were non‐significant in all 
instances. 
Resting State, Eyes Closed 
The same analyses were completed for the resting state eyes closed condition. Results were non‐
significant for all (see Tables M1 to T1 in supplementary materials).  
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Table 2: Summary of behavioural findings. 
           
AQ Social  AQ Switching  Supplementary Table/s  Description 
Reading the Mind in the Eyes (RME)   
  Pre stimulation accuracy  NS  S  A  Higher AQ Switching scores associated with reduced RME accuracy 
  Post‐pre stimulation accuracy  NS  S (sham)*  B 
*Pre‐stimulation correlations between AQ 
Switching scores and RME accuracy in the 
sham group only likely account for this effect 
       
Fear Surprise Task (FST, pooled static/dynamic stimuli)   
  Pre stimulation accuracy/RT  NS  NS  C, D 
  Post‐pre stimulation accuracy/RT  NS  NS  E, F 
       
Fear Surprise Task (FST, static stimuli only)   
  Pre stimulation accuracy/RT  NS  NS  G, H 
   Post‐pre stimulation accuracy/RT  T (cathodal)  S (cathodal)  I, J 
Reduced improvements in RT (static/fear) and 
accuracy (static/surprise) associated with 
higher AQ Social (trend‐level) and AQ 
Switching scores after cathodal stimulation. 
Note: AQ = Autism‐Spectrum Quotient; S = significant at p < .025; T = trend‐level finding at .025 < p < .05; NS = non‐significant at p > .05. 
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Table 3: Summary of Event Related Potential (ERP) findings 
            AQ Social  AQ Switching  Supplementary Table/s  Description 
P100 (during FST)           
  Pre stimulation latency/uV  NS  NS  K, L 
  Post‐pre stimulation latency/uV  T (anodal)  NS  M, N 
Increased latencies associated with higher AQ 
Social scores after anodal stimulation (trend‐
level) 
  Pre stimulation latency/uV (hemispheric differences)  NS  NS  O, P 
  Post‐pre stimulation latency/uV (hemispheric 
differences)  T (anodal)  NS  Q, R 
Increased latencies in the left compared to the 
right hemisphere associated with higher AQ 
Social scores after anodal stimulation (trend‐
level) 
       
N170 (during FST)     
  Pre stimulation latency/uV  NS  NS  S, T 
  Post‐pre stimulation latency/uV  NS  NS  U, V 
  Pre stimulation latency/uV (hemispheric differences)  NS  NS  W, X 
  Post‐pre stimulation latency/uV (hemispheric 
differences)  NS  NS  Y, Z   
       
P300 (during FST)     
  Pre stimulation latency/uV  NS  NS  A1, B1 
   Post‐pre stimulation latency/uV  T (anodal)  NS  C1, D1 
Increased latencies associated with higher AQ 
Social scores after anodal stimulation (trend‐
level) 
Note: AQ = Autism‐Spectrum Quotient; S = significant at p < .025; T = trend‐level finding at .025 < p < .05; NS = non‐significant at p > .05.   
165 
 
Table 4: Summary of Resting State EEG findings 
            AQ Social  AQ Switching  Supplementary Table/s  Description 
Resting State EEG (Eyes Open)         
  Pre stimulation bandwidths  NS  NS  E1, F1   
  Post‐pre stimulation bandwidths  NS  NS  G1, H1   
  Pre stimulation bandwidths (hemispheric differences)  NS  NS  I1, J1   
  Post‐pre stimulation bandwidths (hemispheric 
differences)  S (anodal)  T (cathodal)  K1, L1 
Decreased delta power in the left compared to 
right hemisphere associated with higher AQ 
Social scores after anodal stimulation. 
Decreased delta power and increased theta 
power in the left compared to right hemisphere 
associated with higher AQ Switching scores 
after cathodal stimulation (trend‐level) 
       
Resting State EEG (Eyes Closed)         
  Pre stimulation bandwidths  NS  NS  M1, N1   
  Post‐pre stimulation bandwidths  NS  NS  O1, P1   
  Pre stimulation bandwidths (hemispheric differences)  NS  NS  Q1, R1   
   Post‐pre stimulation bandwidths (hemispheric differences)  NS  NS  S1, T1    
Note: AQ = Autism‐Spectrum Quotient; S = significant at p < .025; T = trend‐level finding at .025 < p < .05; NS = non‐significant at p > .05.
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Discussion 
This study aimed to explore links between autism‐relevant traits and pre‐stimulation social‐cognitive 
performance, as well as examine interactions between autism‐relevant traits and HD‐tDCS applied to 
the rTPJ in terms of mental/emotional state attribution and neurophysiology. AQ interactions were 
generally not observed pre‐stimulation, with the exception of mental state attribution (RME) 
accuracy, which was reduced in participants with a higher AQ Switching Score. This may suggest 
social cognition task performance varies more strongly with attention‐related rather than domain‐
specific social‐cognitive traits. When stimulation condition was taken into account, AQ 
Social/Switching scores interacted with FST RT and accuracy (after cathodal stimulation and for static 
stimuli). Regarding EEG findings, pre‐stimulation hypotheses were not supported. However, there 
was a trend‐level finding whereby AQ Social scores interacted with P100 and P300 latencies (after 
anodal stimulation). Furthermore, RS (eyes open) results suggested that AQ Social scores interacted 
with hemispheric delta power differences after anodal stimulation. In contrast, there was a trend‐
level finding that AQ Switching scores interacted with hemispheric delta and theta power differences 
after cathodal stimulation. This provides preliminary support for the ability of HD‐tDCS to the rTPJ to 
differentially modulate both behavioural and neurophysiological domains relevant to social 
cognition, according to self‐reported levels of autism‐relevant traits.  
1. Higher AQ Switching scores predicted reduced pre‐stimulation RME accuracy 
The finding that higher AQ Switching (but not AQ Social) scores were predictive of reduced pre‐
stimulation RME accuracy is interesting. It might be expected that the AQ Social subscale would be 
more relevant to RME performance, given that it contains items pertaining to difficulties with 
mental/emotional state attribution. Several interpretations could be made. One possibility is that 
accuracy in the RME was more greatly influenced by consistency of attention/focus and/or 
anxiety/distractibility rather than mentalising skill per se. The AQ Switching scale contains items 
tapping into domains such as anxiety in new and unpredictable situations, as well as difficulty 
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remaining on task if distractions occur. It is possible that individuals with a higher AQ Switching score 
were more distracted/anxious in a new/unpredictable situation and that this affected their 
performance, or that unfamiliar sensory distractions (due to factors such as electrodes and wires) 
influenced attention.  
An alternative explanation could be that sub‐domains of the AQ Switching scale subserve 
mentalising processes. This is not necessarily inconsistent with the first explanation; consistency of 
attention to any task would be beneficial to its overall performance. On another level, however, if 
the AQ Switching scale partly taps into the ability to rapidly switch between (competing) incoming 
and existing stimuli/representations (whilst holding non‐task distractors at bay), then this would 
have obvious benefits in terms of processing complex social stimuli. Several AQ Switching items 
possibly tap into this function (such as difficulties doing “more than one thing at once” or monitoring 
“several different people’s conversations”). Regarding the RME in particular, abilities likely to 
contribute to performance are the capacity to switch between internal/existing visual/semantic 
representations of the four words offered and the incoming visual stimulus they pertain to (whilst 
holding attention on this task). Individuals with higher AQ Switching scores may therefore find the 
task more challenging for any of these reasons.  
2. AQ Social/Switching scores predicted FST RT and accuracy after cathodal stimulation 
Regarding the FST, higher AQ Social/Switching scores were associated with reduced improvements 
in RT (for static/fear faces) and accuracy (for static/surprise faces) after cathodal stimulation only. 
Several possible inferences can be made regarding this finding. First, this again raises the possibility 
that in individuals with a higher AQ (Switching/Social), a compensatory process may be impaired by 
(in this case) cathodal stimulation. Given that aspects of emotional memory may be relatively 
affected in autism (Ullman & Pullman, 2015), explicit emotion learning may be comparatively 
important in high AQ populations also. The excitability/glutamate‐reducing and/or GABA enhancing 
effects of cathodal tDCS may have resulted in the reduced comparative performance in such 
individuals observed here.  
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Second, that such differences were found after cathodal stimulation only is not 
unprecedented (see for example Liepelt et al. (2016)), and can be examined in light of findings 
concerning hemispheric tDCS‐polarity effects in affective processing. Penolazzi et al. (2010) found 
that bilateral ‘frontotemporal’ tDCS had opposing impacts on emotional memory with respect to 
valence; right anodal/left cathodal (RA/LC) facilitated memory for positive emotions, whereas left 
anodal/right cathodal (LA/RC) improved recall for images associated with negative emotions. Conson 
et al. (2015) used a similar bilateral tDCS approach, though targeted the DLPFC, in order to examine 
effects on emotional face memory and visual perspective taking. Again they found differential 
effects for LA/RC and LC/RA stimulation, depending on sex and task. In males only, fearful face 
recognition was improved after LC/RA stimulation, whereas both sexes showed reduced perspective 
taking performance after LC/RA. Whilst our results do not exactly support the directionality of these 
prior findings (nor do they stimulate the same areas, nor bilaterally), they do support the theme of 
complexity with regard to the effects of stimulation interacting with a number of factors such as 
hemisphere (with cathodal/anodal stimulation potentially impacting tasks inversely depending on 
hemisphere stimulated), sex, cognitive/affective domain/s the task/s examine, and emotion valence. 
Third, the finding that AQ Switching more strongly predicted these outcome variables than 
AQ Social again supports the possibility that elements of the former may subserve or underpin 
elements of the latter. With the caveat that a parcellated view of TPJ anatomy/function is now often 
advocated (Carter & Huettel, 2013; Kubit & Jack, 2013; Mars et al., 2012; Scholz et al., 2009), and the 
acknowledgment that HD‐tDCS would stimulate all such TPJ sub‐regions if such segregation does 
exist, such findings as the present one encourage the further exploration of exactly whether, how 
and why aspects of attention switching ability may subserve higher order social cognitive processes 
such as ToM (and how different stimulation protocols might influence these domains differentially 
depending on autism‐relevant trait levels). The aforementioned authors, as well as proponents of 
more domain‐general theories of TPJ function (such the contextual updating hypothesis of Geng and 
Vossel (2013), which the present data might, on balance, support), provide several testable 
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theoretical structures and hypotheses in this regard, which are beyond the scope of the present 
discussion. 
3. EEG findings: pre‐stimulation hypotheses not supported; AQ Social/Switching scores predicted ERP 
latency and RS (eyes open) hemispheric power differences pre‐post stimulation  
With regard to EEG findings, hypotheses concerning pre‐stimulation interactions between 
AQ and RS/ERP were not supported. However, in many instances, AQ Social/Switching scores 
predicted ERP latency and RS (eyes open) hemispheric power differences, once stimulation condition 
was taken into account. In particular, the AQ Social subscale was more frequently significantly 
predictive after anodal stimulation. First, increased latencies were associated with higher AQ Social 
scores after anodal stimulation for both the P100 and P300 (though these were trend level only after 
bootstrapping). The P100 and P300 are thought to represent attentional capture and 
evaluating/decision‐making, respectively (Batty & Taylor, 2003; Linden, 2005). Results have been 
mixed with regard to ASD and these ERPs, with some studies suggesting latency/amplitude impacts 
with regards to novelty and emotional stimuli processing, and others finding few or no differences 
(Batty, Meaux, Wittemeyer, Roge, & Taylor, 2011; Cui, Wang, Liu, & Zhang, 2016). The present 
findings add to this complexity by suggesting that for healthy individuals with higher AQ Social (but 
not AQ Switching) scores, anodal rTPJ stimulation can influence electrophysiological processes 
relevant to emotional face recognition/attribution.  
Second, regarding hemispheric effects, increased P100 latencies in LH compared to RH were predicted 
by higher AQ Social scores after anodal stimulation. Hypotheses concerning RS power being enhanced 
in the LH relative to RH across frequency bands in individuals with higher AQ were not supported by 
pre‐stimulation data  (nor was  the  inverted‐U hypothesis). However,  some  interesting hemispheric 
power differences at lower frequencies were found when stimulation was taken into account: reduced 
delta  power  in  the  LH  compared  to  RH,  associated  with  higher  AQ  Social  scores  after  anodal 
stimulation; and lower delta power and increased theta power in the LH compared to RH, associated 
with higher AQ Switching scores after cathodal stimulation. These findings are challenging to interpret 
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and raise further questions. One potential  lens to explore these through  is the possibility that rTPJ 
stimulation may interact with the relative LH RS power dominance often observed in ASD (Wang et 
al., 2013), particularly with regard to adjustment with lower frequencies. Whether this has any direct 
influence  on  behavioural  outcomes  remains  a  matter  of  speculation,  however,  and  cannot  be 
answered by the present analysis.  
4. Conclusions and future directions 
From a broader perspective, one theme that emerges in several of the present findings is 
that behavioural effects were more often/strongly predicted by AQ Switching (and sham or cathodal 
stimulation), while EEG effects more were more likely to be relevant to AQ Social (and anodal 
stimulation). In the context of the proposed neurobiological mechanisms of tDCS, this can be 
explored via GABAergic and excitation/inhibition (E/I) balance propositions concerning ASD. More 
specifically, anodal tDCS is thought to increase local excitability at least in part by reducing GABA 
concentrations, whereas cathodal stimulation tends to reduce excitability via lowered local 
glutamate concentrations (Krause, Marquez‐Ruiz, & Kadosh, 2013). Related to this with reference to 
ASD are the notions that abnormal GABAergic functioning and/or GABA‐glutamate ratios may result 
in elevated E/I balance, that minicolumnar abnormalities (particularly regarding GABAergic 
interneurons) exist, and that these factors may in turn be relevant to hypotheses such as weak 
central coherence theory, as well as observable behavioural outcomes (Casanova, Sokhadze, Opris, 
Wang, & Li, 2015; Casanova et al., 2006; Frith, 2012; Wang et al., 2013). While we need to be 
cautious in extrapolating to a clinical sample given our non‐clinical participants, the present results 
raise questions as to whether anodal/cathodal stimulation influence electrophysiological and 
behavioural outcomes in different ways where AQ levels are concerned, and that hemispheric 
power/ERP differences may be relevant in this regard. For example, if cathodal stimulation is more 
likely to interact with AQ Switching, and anodal with with AQ Social, this might suggest that different 
neurotransmitter pathways partly mediate responses to stimulation. This may also influence 
oscillatory activity (depending on interactions with bilateral and frontal regions and whether or not 
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they act in parrallel/inverse fashion) and ERPs differentially, which might suggest that some of the 
proposed roles of the TPJ (attention and mentalising) do occur concurrently/locally, but via slightly 
different microstructural/biological mechanisms. 
In terms of potential future applications, however, it is important to acknowledge that 
positive relationships between AQ scores and enhanced behavioural outcomes were not observed in 
either active stimulation condition. Several explanations are possible in this regard. First, the study 
was conducted with healthy controls, and therefore active stimulation conditions may have 
interfered with relatively intact cognitive processes. The same study in a clinical population may 
have yielded different results. Second, in individuals with high AQ scores, active stimulation may 
have interfered with adaptive compensatory processes. Third, if individuals with higher AQ scores 
did have higher E/I ratios, it may be that anodal stimulation (which is often the condition most 
associated with cognitive enhancement) may push this E/I imbalance further, thereby decreasing the 
likelihood of improved behavioural outcomes (Krause et al., 2013).  
Several limitations other than the non‐clinical sample were also present. Potential ceiling 
effects in high‐functioning populations are possible given the tasks used, reiterating the need to 
develop improved pre/post mentalising tasks for such samples. Significant pre‐stimulation 
correlations between AQ Switching scores RME performance in the cathodal condition only 
introduced a bias that led to possible stimulation interactions being uninterpretable in that instance. 
Finally, there was also a significant sex imbalance in the cathodal (compared to anodal) condition, 
which may be important given sex/AQ differences and differences in facial emotion processing and 
mental state inferences according to sex (Hampson, van Anders, & Mullin, 2006). Results in this 
respect are not unequivocal, however. While differences have been observed according to sex in 
control groups, with improved processing for females sometimes (though not uniformly) reported, 
such advantages may only hold in the circumstances of very subtle facial cues (Hampson et al., 2006; 
Hoffmann, Kessler, Eppel, Rukavina, & Traue, 2010), rather than the full fear/surprise expression 
stimuli presented here in the FST, for example. Regarding the same abilities in ASD, recent large 
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studies and reviews suggest that such sex differences in ASD with regard to mentalising and emotion 
recognition may be minimal or even absent (Baron‐Cohen et al., 2015; Hull, Mandy, & Petrides, 
2016). In a study comparing RME accuracy in 178 males and 217 females with ASD, no sex 
differences were observed (however, control females performed slightly better than control males) 
(Baron‐Cohen et al., 2015). Similarly, the most recent systematic review and meta‐analysis on this 
topic found no evidence for sex differences in ASD for mentalising or emotion recognition task 
performance (Hull, Mandy, & Petrides, 2016). Relatively little is known, however, about sex 
differences in such domains according to autism‐relevant trait levels in the general population, nor 
how these might interact with different stimulation parameters. It is important, therefore, to 
interpret our results cautiously in this regard, particularly those concerning significant interactions in 
the cathodal condition. 
In conclusion, rTPJ involvement in mental and emotional state attribution might interact 
with autism‐relevant traits in the general population. Anodal and cathodal tDCS might modulate 
electrophysiology and behaviour in complex ways in this regard. Furthermore, attention processes 
relevant to autism might subserve aspects of mental/emotional state attribution. This is the first 
study to explore autism‐relevant traits in the context of rTPJ HD‐tDCS/EEG and social cognition. As 
such, it is important in building preliminary understanding of potential neurobiological 
underpinnings of social cognition as influenced by the rTPJ in interaction with autism‐relevant traits 
and different stimulation conditions. Such studies are important in terms of better understanding 
trait‐level interactions with stimulation effects, as well as informing further studies and potential 
clinical applications. For example, tDCS may eventually prove to confer social‐cognitive benefits in 
some clinical populations, such as in ASD. As evidenced here, however, great care and further 
research is required to determine in what contexts such benefits might be yielded. 
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5.4. Empirical Paper 2: Supplementary Materials 
Reading the Mind in the Eyes task (RME) 
Table A. RME pre‐stimulation accuracy (%), predicted by AQ Social and AQ Switching, forced entry (N = 53). 
Variable  B  SE B  β  p 
AQ Social  0.01  0.01  0.14  .301 
AQ Switching  ‐0.04  0.01  ‐0.55  < .001 
R2  0.25   
Adjusted R2  0.22   
F  8.43  .001 
 
Table B. RME post‐pre stimulation accuracy (%) predicted by AQ Social and AQ Switching, forced entry (N = 53). 
  Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p (pB*)  B  SE B  β  p  B  SE B  β  p  
AQ Social  ‐0.03  0.02  ‐0.33  .098 (.053)    0.00  0.01  ‐0.05  .85    ‐0.01  0.01  ‐0.12  .68 
AQ Switching  0.05  0.01  1.04  < .001 (.001)    0.01  0.01  0.30  .28    0.01  0.01  0.29  .31 
R2  0.73      0.08      0.07   
Adjusted R2  0.69      ‐0.04      ‐0.06   
F  20.11  < .001     0.66  .53     0.56  .59 
*pB = p value after bootstrapping (bias corrected accelerated, 1000 iterations)
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Fear Surprise Task (FST) – averaged across all static/dynamic and fear/surprise stimuli 
To explore whether pre‐stimulation FST accuracy and RTs were predictive of AQ Social and AQ Switching scores, separate multiple regressions (forced 
entry) were used. Results were non‐significant for both (Tables C and D). To determine whether stimulation interacted with FST performance (in terms of 
predicting AQ Social and AQ Switching scores), the same regression models were run with FST accuracy and RT change (post – pre stimulation) as the 
predictor variables, and the data file split according to stimulation condition. Results were non‐significant for all conditions for both AQ Social and AQ 
Switching (see Tables E and F). 
Table C. FST pre‐stimulation pooled static/dynamic and fear/surprise data, RT and accuracy predicting AQ Social, forced entry (N = 53). 
Variable  B  SE B  β  p 
RT (pre, ms)  0.00  0.00  ‐0.05  .72 
Accuracy (pre, %)  3.36  3.19  0.15  .30 
R2  0.02   
Adjusted R2  ‐0.02   
F  0.56  .58 
 
Table D. FST pre‐stimulation pooled static/dynamic and fear/surprise data, RT and accuracy predicting AQ Switching, forced entry (N = 53). 
Variable  B  SE B  β  p 
RT (pre, ms)  0.00  0.00  0.03  .86 
Accuracy (pre, %)  0.57  4.24  0.02  .89 
R2  0.00   
Adjusted R2  ‐0.04   
F  0.03  .97 
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Table E. FST pre‐post stimulation pooled static/dynamic and fear/surprise data, RT and accuracy predicting AQ Social, forced entry (N = 53). 
  Sham (n = 18)    Cathodal (n = 18)    Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p  
RT (ms)  0.00  0.00  0.02  .93  0.00  0.00  ‐0.16  .56  0.00  0.00  ‐0.13  .61 
Accuracy (%)  ‐1.35  4.82  ‐0.07  .78  ‐1.84  4.84  ‐0.10  .71  ‐8.09  5.95  ‐0.34  .20 
R2  0.01      0.04      0.13   
Adjusted R2  ‐0.13      ‐0.09      0.01   
F  0.05  .95     0.33  .73    1.08  .37 
  
Table F. FST pre‐post stimulation pooled static/dynamic and fear/surprise data, RT and accuracy predicting AQ Switching, forced entry (N = 53). 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p     B  SE B  β  p     B  SE B  β  p  
RT (ms)  0.00  0.00  0.00  1.00    0.00  0.00  ‐0.01  .97    0.00  0.00  ‐0.32  .23 
Accuracy (%)  0.63  8.45  0.02  .94    ‐13.60  5.72  ‐0.53  .03    ‐1.36  5.66  ‐0.06  .81 
R2  0.00      0.29      0.11   
Adjusted R2  ‐0.13      0.19      ‐0.02   
F  0.00  1.00     3.03  .08     0.84  .45 
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Fear Surprise Task (FST) – static stimuli only 
To explore whether pre‐stimulation FST (static stimuli only, fear and surprise) accuracy and RTs were predictive of AQ Social and AQ Switching scores, 
separate multiple regressions (forced entry) were used. Results were non‐significant for both (Tables G and H).  
 
Table G. FST pre‐stimulation static fear/surprise data, RT and accuracy, predicting AQ Social, forced entry (N = 53). 
Variable  B  SE B  β  p 
Fear, Accuracy (total)  0.01  0.19  0.01  .96 
Fear, RT (ms)  0.00  0.00  0.03  .91 
Surprise, Accuracy (total)  0.09  0.10  0.12  .40 
Surprise, RT (ms)  0.00  0.00  0.04  .88 
R2  0.02   
Adjusted R2  ‐0.06   
F  0.23  .92 
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Table H. FST pre‐stimulation static fear/surprise data, RT and accuracy, predicting AQ Switching, forced entry (N = 53). 
Variable  B  SE B  β  p 
Fear, Accuracy (total)  0.19  0.25  0.14  .44 
Fear, RT (ms)  0.00  0.00  0.27  .31 
Surprise, Accuracy (total)  ‐0.09  0.13  ‐0.10  .48 
Surprise, RT (ms)  0.00  0.00  ‐0.20  .40 
R2  0.04 
Adjusted R2  ‐0.04 
F  0.46  .77 
 
Table I. FST post‐pre stimulation static fear/surprise data, RT and accuracy predicting AQ Social, forced entry (N = 53). 
   Sham (n = 18)     Cathodal (n = 18)    Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p (pB*)    B  SE B  β  p  
Fear, Accuracy (total)  0.01  0.20  0.02  .95    0.32  0.20  0.32  .139    ‐0.20  0.46  ‐0.14  .68 
Fear, RT (ms)  0.00  0.00  ‐0.20  .46    0.00  0.00  0.68  0.009 (.042)    0.00  0.00  ‐0.14  .65 
Surprise, Accuracy (total)  ‐0.34  0.25  ‐0.36  .19    ‐0.71  0.22  ‐0.74  0.006 (.021)    ‐0.33  0.31  ‐0.35  .31 
Surprise, RT (ms)  0.00  0.00  0.10  .72    0.00  0.00  ‐0.39  .092    0.00  0.00  0.02  .94 
R2  0.23      0.52      0.11   
Adjusted R2  ‐0.01      0.38      ‐0.18   
F  0.94  .47     3.59  .035    0.39  .81 
*pB = p value after bootstrapping (bias corrected accelerated, 1000 iterations)
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Table J. FST post‐pre stimulation static fear/surprise data, RT and accuracy predicting AQ Switching, forced entry (N = 53). 
   Sham (n = 18)     Cathodal (n = 18)    Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p (pB*)    B  SE B  β  p  
Fear, Accuracy (total)  0.02  0.34  0.02  .96    ‐0.12  0.23  ‐0.08  .617    0.42  0.40  0.32  .31 
Fear, RT (ms)  0.00  0.00  ‐0.25  .34    0.00  0.00  0.60  .005 (.012)    0.00  0.00  0.03  .92 
Surprise, Accuracy (total)  ‐0.68  0.41  ‐0.41  .12    ‐1.16  0.24  ‐0.88  < .001 (.005)    0.31  0.26  0.35  .26 
Surprise, RT (ms)  0.00  0.00  0.11  .68    0.00  0.00  ‐0.39  .044 (.072)    0.00  0.00  0.21  .49 
R2  0.30      0.69      0.26   
Adjusted R2  0.08      0.59      0.01   
F  1.37  .30     7.17  .003    1.04  .43 
*pB = p value after bootstrapping (bias corrected accelerated, 1000 iterations) 
 
 
ERPs ‐ P100 
To explore whether pre‐stimulation P100 latency (ms) and amplitude (uV) were predictive of AQ Social and AQ Switching scores, separate multiple 
regressions (forced entry) were used. Results were non‐significant for both (Tables K and L). To assess whether hemispheric differences (P7 minus P8) in 
pre‐stimulation P100 latency (ms) and amplitude (uV) were predictive of AQ Social and AQ Switching scores, separate multiple regressions (forced entry) 
were used. Results were non‐significant for both (Tables O and P). 
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Table K. Pre‐stimulation P100 latency and amplitude predicting AQ Social, forced entry (N = 52), pooled P7/P8 data. 
Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.10  0.11  ‐0.13  .37 
Latency (ms)  ‐0.01  0.01  ‐0.16  .28 
R2  0.06   
Adjusted R2  0.02   
F  1.59  .21 
 
Table L. Pre‐stimulation P100 latency and amplitude predicting AQ Switching, forced entry (N = 52), pooled P7/P8 data. 
Variable  B  SE B  β  p 
Amplitude (uV)  0.03  0.15  0.03  .85 
Latency (ms)  0.00  0.01  ‐0.02  .89 
R2  0.00   
Adjusted R2  ‐0.04   
F  0.02  .98 
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Table M. Post‐pre stimulation P100 latency and amplitude predicting AQ Social, forced entry (N = 52), pooled P7/P8 data. 
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p (pB*) 
Latency (ms)  ‐0.02  0.02  ‐0.41  .15    0.00  0.01  ‐0.01  .97    0.11  0.04  0.60  .016 (.058) 
Amplitude (uV)  0.18  0.21  0.23  .41    0.11  0.26  0.11  .68    0.01  0.40  0.00  .984 (.983) 
R2  0.15      0.01      0.36   
Adjusted R2  0.03      ‐0.12      0.27   
F  1.22  .32     0.09  .91     3.96  .043 
*pB = p value after bootstrapping (bias corrected accelerated, 1000 iterations) 
 
 
 
 
   
192 
 
 
Table N. Post‐pre stimulation P100 latency and amplitude predicting AQ Switching, forced entry (N = 52), pooled P7/P8 data.   
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p  
Latency (ms)  ‐0.04  0.03  ‐0.42  .14    0.03  0.02  0.39  .13    0.07  0.04  0.43  .11 
Amplitude (uV)  0.01  0.36  0.01  .98    0.11  0.33  0.08  .74    0.39  0.42  0.23  .36 
R2  0.17      0.15      0.19   
Adjusted R2  0.05      0.04      0.07   
F  1.45  .27     1.35  .29     1.59  .24 
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Table O. Pre stimulation P100 latency and amplitude predicting AQ Social, forced entry (N = 52), P7 minus P8 data. 
Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.04  0.09  ‐0.06  0.66 
Latency (ms)  0.00  0.01  ‐0.09  0.51 
R2  0.01   
Adjusted R2  ‐0.03   
F  0.36  0.70 
 
 
Table P. Pre stimulation P100 latency and amplitude predicting AQ Switching, forced entry (N = 52), P7 minus P8 data. 
Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.12  0.11  ‐0.15  .29 
Latency (ms)  0.00  0.01  ‐0.08  .59 
R2  0.03   
Adjusted R2  ‐0.01   
F  0.80  .46 
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Table Q. Post‐pre stimulation P100 latency and amplitude predicting AQ Social, forced entry (N = 52), P7 minus P8 data. 
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p (pB*) 
Amplitude (uV)  ‐0.05  0.22  ‐0.07  .80    ‐0.04  0.18  ‐0.06  .84    ‐0.11  0.18  ‐0.13  .55 
Latency (ms)  0.00  0.01  0.07  .79    0.00  0.01  ‐0.02  .95    0.04  0.01  0.65  .009 (.015) 
R2  0.01      0.00      0.40   
Adjusted R2  ‐0.13      ‐0.13      0.31   
F  0.07  .93     0.03  .97     4.57  0.030 
*pB = p value after bootstrapping (bias corrected accelerated, 1000 iterations) 
Table R. Post‐pre stimulation P100 latency and amplitude predicting AQ Switching, forced entry (N = 52), P7 minus P8 data. 
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p 
Amplitude (uV)  0.00  0.32  0.00  1.00    ‐0.25  0.24  ‐0.26  .32    0.34  0.18  0.44  .08 
Latency (ms)  0.02  0.01  0.53  .03    0.01  0.01  0.12  .65    0.01  0.01  0.16  .50 
R2  0.29      0.07      0.26   
Adjusted R2  0.18      ‐0.05      0.16   
F  2.79  .10     0.58  .57     2.49  .12 
 
195 
 
 
ERPs – N170 
To explore whether pre‐stimulation N170 latency (ms) and amplitude (uV) were predictive of AQ Social and AQ Switching scores, separate multiple 
regressions (forced entry) were used. Results were non‐significant for both (Tables S and T).  
To determine whether stimulation interacted with the N170 (in terms of predicting AQ Social and AQ Switching scores), the same regression models 
were run with latency (ms) and amplitude (uV) change (post – pre stimulation) as the predictor variables, and the data file split according to stimulation 
condition. Results were non‐significant for both (Tables U and V).  
To assess whether hemispheric differences (P7 minus P8) in pre‐stimulation N170 latency (ms) and amplitude (uV) were predictive of AQ Social and 
AQ Switching scores, separate multiple regressions (forced entry) were used. Results were non‐significant for both (Tables W and X).  
To determine whether stimulation interacted with N170 hemispheric differences (in terms of predicting AQ Social and AQ Switching scores), the 
same regression models were run with latency (ms) and amplitude (uV) change (post – pre stimulation, P7 ‐ P8) as the predictor variables, and the data file 
split according to stimulation condition. Results were non‐significant for both (Tables Y and Z). 
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Table S. Pre‐stimulation N170 latency and amplitude predicting AQ Social, forced entry (N = 52), pooled P7/P8 data. 
Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.16  0.12  ‐0.18  .21 
Latency (ms)  0.00  0.01  ‐0.07  .62 
R2  0.03   
Adjusted R2  ‐0.01   
F  0.87  .43 
 
 
Table T. Pre‐stimulation N170 latency and amplitude predicting AQ Switching, forced entry (N = 52), pooled P7/P8 data. 
Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.05  0.17  ‐0.04  .77 
Latency (ms)  0.00  0.01  0.01  .97 
R2  0.00   
Adjusted R2  ‐0.04   
F  0.05  .95 
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Table U. Post‐pre stimulation N170 latency and amplitude predicting AQ Social, forced entry (N = 52), pooled P7/P8 data.   
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p  
Latency (ms)  ‐0.01  0.02  ‐0.10  .72    ‐0.02  0.01  ‐0.41  .11    ‐0.02  0.03  ‐0.16  .52 
Amplitude (uV)  ‐0.14  0.28  ‐0.14  .62    ‐0.25  0.22  ‐0.27  .27    0.42  0.26  0.40  .12 
R2  0.03      0.19      0.20   
Adjusted R2  ‐0.11      0.08      0.08   
F  0.18  .83     1.78  .20     1.69  .22 
 
Table V. Post‐pre stimulation N170 latency and amplitude predicting AQ Switching, forced entry (N = 52), pooled P7/P8 data.   
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p 
Latency (ms)  0.00  0.03  0.00  1.00    ‐0.01  0.02  ‐0.17  .52    ‐0.06  0.02  ‐0.53  .03 
Amplitude (uV)  ‐0.20  0.49  ‐0.11  .69    0.02  0.33  0.01  .96    0.16  0.22  0.16  .47 
R2  0.01      0.03      0.32   
Adjusted R2  ‐0.13      ‐0.10      0.22   
F  0.08  .92     0.23  .80     3.31  .07 
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Table W. Pre stimulation N170 latency and amplitude predicting AQ Social, forced entry (N = 52), P7 minus P8 data. 
Variable  B  SE B  β  p 
Amplitude (uV)  0.02  0.08  0.05  .75 
Latency (ms)  0.00  0.01  ‐0.05  .70 
R2  0.01   
Adjusted R2  ‐0.04   
F  0.13  .88 
 
Table X. Pre stimulation N170 latency and amplitude predicting AQ Switching, forced entry (N = 52), P7 minus P8 data. 
Variable  B  SE B  β  p 
Amplitude (uV)  0.00  0.10  0.01  .96 
Latency (ms)  0.01  0.01  0.27  .06 
R2  0.07   
Adjusted R2  0.04   
F  1.93  .16 
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Table Y. Post‐pre stimulation N170 latency and amplitude predicting AQ Social, forced entry (N = 52), P7 minus P8 data. 
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Amplitude (uV)  0.01  0.01  0.46  .05    0.02  0.01  0.33  .18    ‐0.02  0.02  ‐0.28  .28 
Latency (ms)  ‐0.18  0.12  ‐0.32  .17    ‐0.18  0.17  ‐0.24  .33    ‐0.18  0.22  ‐0.21  .42 
R2  0.35      0.17      0.11   
Adjusted R2  0.26      0.06      ‐0.01   
F  3.74  .05     1.57  .24     0.90  .43 
 
Table Z. Post‐pre stimulation N170 latency and amplitude predicting AQ Switching, forced entry (N = 52), P7 minus P8 data. 
   Sham (n = 17)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Amplitude (uV)  0.01  0.01  0.28  .30    0.00  0.02  0.05  .84    ‐0.03  0.01  ‐0.49  .05 
Latency (ms)  ‐0.08  0.25  ‐0.08  .76    ‐0.23  0.25  ‐0.23  .38    0.15  0.18  0.18  .44 
R2  0.09      0.05      0.28   
Adjusted R2  ‐0.04      ‐0.07      0.18   
F  0.68  .52     0.43  .10     2.76  .10 
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ERPs – P300 
To explore whether pre‐stimulation P300 latency (ms) and amplitude (uV) were predictive of AQ Social and AQ Switching scores, separate multiple 
regressions (forced entry) were used. Results were non‐significant for both (Tables A1 and B1).  
Table A1. Pre‐stimulation P300 latency and amplitude predicting AQ Social, forced entry (N = 52), pooled F3/FZ/F4 data. 
Variable  B  SE B  β  p 
Amplitude (uV)  ‐0.01  0.07  ‐0.03  .85 
Latency (ms)  0.00  0.01  ‐0.07  .65 
R2  0.01   
Adjusted R2  ‐0.04   
F  0.14  .87 
 
Table B1. Pre‐stimulation P300 latency and amplitude predicting AQ Switching, forced entry (N = 52), pooled F3/FZ/F4 data. 
Variable  B  SE B  β  p 
Amplitude (uV)  0.09  0.09  0.14  .33 
Latency (ms)  0.00  0.01  ‐0.06  .66 
R2  0.02   
Adjusted R2  ‐0.02   
F  0.54  .58 
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Table C1. Post‐pre stimulation P300 latency and amplitude predicting AQ Social, forced entry (N = 52), pooled F3/FZ/F4 data.   
   Sham (n = 18)     Cathodal (n = 17)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p (pB*)  
Latency (ms)  ‐0.01  0.01  ‐0.37  .19    0.00  0.01  0.03  .90    0.03  0.01  0.55  .023 (.069) 
Amplitude (uV)  ‐0.24  0.12  ‐0.55  .06    ‐0.10  0.16  ‐0.17  .53    0.21  0.15  0.30  .187 (.098) 
R2  0.22      0.03      0.37   
Adjusted R2  0.12      ‐0.11      0.28   
F  2.16  .15     0.24  .79     4.03  .041 
*pB = p value after bootstrapping (bias corrected accelerated, 1000 iterations) 
Table D1. Post‐pre stimulation P300 latency and amplitude predicting AQ Social, forced entry (N = 52), pooled F3/FZ/F4 data. 
 
   Sham (n = 18)     Cathodal (n = 17)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p    B  SE B  β  p 
Latency (ms)  0.01  0.01  0.13  .65    0.00  0.02  ‐0.07  .78    0.00  0.02  0.07  .79 
Amplitude (uV)  ‐0.27  0.21  ‐0.35  .22    0.21  0.21  0.26  .34    0.04  0.18  0.06  .82 
R2  0.19      0.08      0.01   
Adjusted R2  0.08      ‐0.06      ‐0.13   
F  1.71  .22     0.58  .58     0.06  .94 
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Resting State, Eyes Open 
To explore whether pre‐stimulation spectral power (delta, theta, alpha and beta; uV2) were predictive of AQ Social and AQ Switching scores, separate 
multiple regressions (forced entry) were used. Results were non‐significant for both (see Tables E1 and F1 in supplementary materials).  
To determine whether stimulation interacted with spectral power (in terms of predicting AQ Social and AQ Switching scores), the same regression 
models were run with spectral bandwidth power change (post – pre stimulation) as the predictor variables, and the data file split according to stimulation 
condition. Results were non‐significant for both (Tables G1 and H1 in supplementary materials).  
To assess whether hemispheric differences (P7 minus P8) in pre‐stimulation spectral power were predictive of AQ Social and AQ Switching scores, 
separate multiple regressions (forced entry) were used. Results were non‐significant for both (see Tables I1 and J1 in supplementary materials).  
 
Table E1. Pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Social, forced entry (N = 53), eyes open. 
Variable  B  SE B  β  p 
Delta  4.07  5.58  0.14  .47 
Theta  ‐1.31  12.58  ‐0.02  .92 
Alpha  ‐0.77  5.43  ‐0.03  .89 
Beta  ‐36.92  33.75  ‐0.18  .28 
R2  0.05   
Adjusted R2  ‐0.04   
F  0.56  .69 
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Table F1. Pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Switching, forced entry (N = 53), eyes open. 
Variable  B  SE B  β  p 
Delta  ‐8.32  7.29  ‐0.22  .26 
Theta  24.68  16.43  0.34  .14 
Alpha  ‐3.51  7.10  ‐0.09  .62 
Beta  ‐29.98  44.08  ‐0.11  .50 
R2  0.06   
Adjusted R2  ‐0.02   
F  0.70  .60 
 
Table G1. Post‐pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Social, forced entry (N = 53), eyes open. 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Delta  22.37  11.72  0.63  .08  2.03  6.04  0.17  .74  ‐11.91  8.48  ‐0.44  .19 
Theta  ‐31.15  14.72  ‐0.73  .05  ‐25.10  21.39  ‐0.41  .26  22.94  23.19  0.32  .34 
Alpha  10.36  7.68  0.43  .20  ‐8.93  7.49  ‐0.44  .25  ‐4.30  14.25  ‐0.10  .77 
Beta  ‐63.46  29.93  ‐0.58  .05  47.50  78.59  0.17  .56  ‐12.64  94.63  ‐0.04  .90 
R2  0.37      0.26      0.17   
Adjusted R2  0.18      0.03      ‐0.13   
F  1.95  .16     1.12  .39     0.57  .69 
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Table H1. Post‐pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Switching, forced entry (N = 53), eyes open. 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Delta  24.84  20.92  0.40  .26  ‐0.48  7.61  ‐0.03  .95  ‐1.22  7.25  ‐0.05  .87 
Theta  ‐57.96  26.29  ‐0.77  .05  ‐34.17  26.93  ‐0.41  .23  ‐7.59  19.84  ‐0.11  .71 
Alpha  28.88  13.72  0.68  .06  3.09  9.43  0.11  .75  11.50  12.18  0.28  .37 
Beta  ‐78.96  53.45  ‐0.41  .16  ‐141.12  98.96  ‐0.36  .18  ‐170.91  80.93  ‐0.56  .06 
R2  0.35      0.37      0.31   
Adjusted R2  0.15      0.18      0.06   
F  1.74  .20     1.91  .17     1.22  .36 
 
Table I1. Pre‐stimulation pooled P7 minus P8 data, all bandwidths predicting AQ Social, forced entry (N = 53), eyes open. 
Variable  B  SE B  β  p 
Delta  13.06  9.61  0.20  .18 
Theta  5.42  12.74  0.07  .67 
Alpha  ‐5.29  5.88  ‐0.15  .37 
Beta  ‐7.41  44.84  ‐0.02  .87 
R2  0.07   
Adjusted R2  ‐0.02   
F  0.82  .52 
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Table J1. Pre‐stimulation pooled P7 minus P8 data, all bandwidths predicting AQ Switching, forced entry (N = 53), eyes open. 
Variable  B  SE B  β  p 
Delta  13.36  12.74  .15  .30 
Theta  ‐5.39  16.88  ‐.05  .75 
Alpha  ‐2.97  7.79  ‐.07  .71 
Beta  ‐45.00  59.43  ‐.11  .45 
R2  0.05   
Adjusted R2  ‐0.03   
F  0.58  .68 
 
Table K1. Post‐pre‐stimulation pooled P7 minus P8 data, all bandwidths predicting AQ Social, forced entry (N = 53), eyes open. 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p     B  SE B  β  p     B  SE B  β  p (pB*) 
Delta  ‐4.50  8.57  ‐0.14  .61  2.24  14.78  0.04  .88  ‐37.65  12.03  ‐0.64  .010 (.043) 
Theta  0.40  12.06  0.01  .97  7.50  18.21  0.14  .69  ‐43.10  14.69  ‐0.57  .014 (.097) 
Alpha  ‐11.97  9.29  ‐0.39  .22  5.79  9.23  0.23  .54  7.38  6.74  0.22  0.30 
Beta  ‐27.25  31.20  ‐0.24  .40  50.24  65.98  0.22  .46  71.77  52.06  0.29  0.20 
R2  0.19      0.25      0.62   
Adjusted R2  ‐0.06      0.02      0.48   
F  0.77  .56     1.09  .40     4.46  0.022 
*pB = p value after bootstrapping (bias corrected accelerated, 1000 iterations)
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Table L1. Post‐pre‐stimulation pooled P7 minus P8 data, all bandwidths predicting AQ Switching, forced entry (N = 53), eyes open. 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p    B  SE B  β  p (pB*)    B  SE B  β  p 
Delta  ‐1.81  16.41  ‐0.03  .91    ‐46.12  16.49  ‐0.66  .015 (.038)    ‐19.57  16.83  ‐0.36  .27 
Theta  8.34  23.10  0.12  .72    46.80  20.31  0.66  .038 (.036)    ‐16.81  20.55  ‐0.24  .43 
Alpha  1.38  17.79  0.03  .94    3.17  10.30  0.09  .76    ‐6.87  9.43  ‐0.21  .48 
Beta  ‐20.52  59.73  ‐0.10  .74    ‐13.76  73.59  ‐0.04  .85    47.42  72.84  0.21  .53 
R2  0.03      0.50      0.15   
Adjusted R2  ‐0.27      0.35      ‐0.16   
F  0.11  .98     3.29  .045     0.48  .75 
*pB = p value after bootstrapping (bias corrected accelerated, 1000 iterations) 
 
Resting State, Eyes Closed 
To explore whether pre‐stimulation spectral power (delta, theta, alpha and beta; uV2) were predictive of AQ Social and AQ Switching scores, separate 
multiple regressions (forced entry) were used. Results were non‐significant for both (see Tables M1 and N1 in supplementary materials).  
To determine whether stimulation interacted with spectral power (in terms of predicting AQ Social and AQ Switching scores), the same regression 
models were run with spectral bandwidth power change (post – pre stimulation) as the predictor variables, and the data file split according to stimulation 
condition. Results were non‐significant for both (Tables O1 and P1 in supplementary materials).  
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To assess whether hemispheric differences (P7 minus P8) in pre‐stimulation spectral power were predictive of AQ Social and AQ Switching scores, 
separate multiple regressions (forced entry) were used. Results were non‐significant for both (see Tables Q1 and R1 in supplementary materials).  
To determine whether stimulation interacted with spectral power (in terms of predicting AQ Social and AQ Switching scores), the same regression models 
were run with spectral bandwidth power change (post – pre stimulation, P7 – P8) as the predictor variables, and the data file split according to stimulation 
condition. Results were non‐significant for both (see Tables S1 and T1 in supplementary materials). 
 
Table M1. Pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Social, forced entry (N = 53), eyes closed. 
Variable  B  SE B  β  p 
Delta  ‐4.59  4.97  ‐0.16  .36 
Theta  3.76  6.28  0.13  .55 
Alpha  ‐0.58  1.76  ‐0.06  .74 
Beta  ‐5.91  22.13  ‐0.04  .79 
R2  0.02   
Adjusted R2  ‐0.06   
F  0.23  .92 
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Table N1. Pre‐stimulation pooled P7/P8 data, all bandwidths predicting AQ Switching, forced entry (N = 53), eyes closed. 
Variable  B  SE B  β  p 
Delta 7.10  6.23  0.19  .26 
Theta 4.36  7.86  0.11  .58 
Alpha ‐3.37  2.20  ‐0.28  .13 
Beta ‐10.93  27.71  ‐0.06  .70 
R2 0.11   
Adjusted R2 0.03 
F 1.44  .24 
 
Table O1. Post‐pre stimulation pooled P7/P8 data, all bandwidths predicting AQ Social, forced entry (N = 53), eyes closed. 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Delta  9.79  10.99  0.26  .39  ‐7.22  7.75  ‐0.32  .37  ‐3.73  4.53  ‐0.22  .43 
Theta  ‐11.64  6.56  ‐0.54  .10  6.44  7.60  0.30  .41  17.65  13.43  0.51  .21 
Alpha  6.26  4.00  0.42  .14  1.24  2.59  0.13  .64  ‐2.58  5.05  ‐0.24  .62 
Beta  ‐30.50  44.02  ‐0.19  .50  17.79  67.84  0.07  .80  ‐19.26  54.74  ‐0.12  .73 
R2  0.28      0.10      0.18   
Adjusted R2  0.06      ‐0.18      ‐0.09   
F  1.28  .33     0.35  .84     0.66  .63 
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Table P1. Post‐pre stimulation pooled P7/P8 data, all bandwidths predicting AQ Switching, forced entry (N = 53), eyes closed. 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p     B  SE B  β  p     B  SE B  β  p 
Delta  12.81  19.29  0.19  .52    ‐18.42  8.24  ‐0.60  .04    ‐3.55  4.20  ‐0.23  .41 
Theta  ‐16.37  11.52  ‐0.44  .18    ‐2.93  8.09  ‐0.10  .72    14.99  12.46  0.46  .25 
Alpha  13.81  7.02  0.53  .07    3.43  2.75  0.27  .23    ‐0.48  4.68  ‐0.05  .92 
Beta  ‐33.67  77.27  ‐0.12  .67    40.65  72.19  0.12  .58    ‐25.20  50.80  ‐0.17  .63 
R2  0.28      0.45      0.19   
Adjusted R2  0.06      0.29      ‐0.08   
F  1.25  .34     2.70  .08     0.72  .59 
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Table Q1. Pre‐stimulation, P7 minus P8 data, all bandwidths predicting AQ Social, forced entry (N = 53), eyes closed. 
Variable  B  SE B  β  p 
Delta  5.33  5.30  0.15  .32 
Theta  3.64  4.43  0.13  .42 
Alpha  ‐3.23  1.93  ‐0.33  .10 
Beta  52.88  36.38  0.27  .15 
R2  0.09   
Adjusted R2  0.02   
F  1.20  .32 
 
Table R1. Pre‐stimulation, P7 minus P8 data, all bandwidths predicting AQ Switching, forced entry (N = 53), eyes closed. 
Variable  B  SE B  β  p 
Delta  ‐3.05  7.15  ‐0.06  .67 
Theta  4.69  5.98  0.13  .44 
Alpha  ‐1.17  2.60  ‐0.09  .66 
Beta  55.16  49.02  0.21  .27 
R2  0.04   
Adjusted R2  ‐0.04   
F  0.53  .72 
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Table S1. Post‐pre stimulation, P7 minus P8 data, all bandwidths predicting AQ Social, forced entry (N = 53), eyes closed. 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p     B  SE B  β  p     B  SE B  β  p 
Delta  ‐0.13  0.12  ‐0.24  .29  ‐0.42  0.14  ‐0.59  .01  0.12  0.12  0.24  .35 
Theta  ‐6.87  3.67  ‐0.51  .08  ‐7.90  4.92  ‐0.35  .13  ‐2.64  8.68  ‐0.15  .77 
Alpha  0.31  3.68  0.03  .93  ‐0.55  2.52  ‐0.06  .83  5.93  3.95  0.75  .16 
Beta  ‐29.07  31.86  ‐0.29  .38  ‐14.96  55.23  ‐0.07  .79  ‐33.98  48.38  ‐0.19  .50 
R2  0.41      0.46      0.33   
Adjusted R2  0.23      0.30      0.11   
F  2.24  .12     2.79  .07     1.48  .27 
 
Table T1. Post‐pre stimulation, P7 minus P8 data, all bandwidths predicting AQ Switching, forced entry (N = 53), eyes closed. 
   Sham (n = 18)     Cathodal (n = 18)     Anodal (n=17) 
Variable  B  SE B  β  p  B  SE B  β  p  B  SE B  β  p 
Delta  ‐0.37  0.22  ‐0.38  .11  ‐0.05  0.21  ‐0.05  .81  0.20  0.11  0.45  .08 
Theta  5.37  6.57  0.23  .43  ‐17.22  7.10  ‐0.55  .03  ‐6.55  7.68  ‐0.41  .41 
Alpha  ‐7.89  6.59  ‐0.44  .25  3.08  3.64  0.23  .41  3.19  3.50  0.43  .38 
Beta  ‐13.99  57.08  ‐0.08  .81  ‐81.21  79.70  ‐0.27  .33  66.68  42.85  0.40  .15 
R2  0.38      0.40      0.40   
Adjusted R2  0.19      0.22      0.20   
F  1.99  .16     2.19  .13     2.00  .16 
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Chapter 6. General Discussion  
6.1. Review of aims and hypotheses 
The key aims of this thesis were to determine whether HD‐tDCS to the rTPJ (anodal or cathodal 
versus sham) could modulate mentalising and self‐other processing performance, to explore the 
neurophysiological effects of stimulation, and to examine links between behavioral and 
neurophysiological outcomes. It also sought to explore relationships between autism‐relevant traits 
and pre‐stimulation social cognitive performance, as well as examine the interaction between 
autism‐relevant traits and stimulation effects. A further discussion point was to begin to assess 
whether a clinical trial utilising TPJ stimulation (for example in ASD) to potentially enhance social 
cognitive performance might be justified.  
The main hypotheses were as follows: 
 (i) That active rTPJ stimulation would influence RTs and accuracy in mental/emotional state 
attribution and self‐other processing tasks, relative to sham.  
  (ii) That active rTPJ stimulation would influence EEG outcomes relative to sham, and that 
effects may also vary according to hemisphere. 
  (iii) That autism‐relevant traits would predict pre‐stimulation mental/emotional state 
attribution. 
  (iv) That autism‐relevant traits would interact with stimulation response in terms of 
predicting pre‐post stimulation mental/emotional state attribution performance and EEG outcome 
differences. Furthermore, these effects may also vary according to hemisphere. 
6.2. Brief overview of results 
6.2.1. Noninvasive stimulation of the temporoparietal junction: A systematic review 
The systematic review aimed to examine the potential clinical utility of transcranial stimulation as 
applied to the TPJ, with a particular focus on whether social cognition can be improved and thereby 
provide potential support a role of TPJ modulation in clinical populations such as ASD. Initially, 40 
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studies that involved TPJ transcranial stimulation were found. These provide evidence for causal 
involvement of the TPJ in attentional processes, speech comprehension and production, 
self/other/body processing and social cognition. Regarding clinical applications, preliminary evidence 
was found for a role of the TPJ in treating auditory hallucinations and tinnitus, and possible TPJ 
involvement depersonalisation disorder and pathologies relevant to body image. Several studies 
explored and found links between TPJ function and social cognition, in a range of tasks known to be 
challenging in clinical groups such as ASD. Despite this, no studies examined the potential effects of 
TPJ modulation in ASD. After the publication of the systematic review, a further 31 empirical papers 
examining TPJ stimulation have been published, indicating a spike in interest in this region and its 
potential clinical implications. These papers reaffirm many of the key themes that emerged in the 
systematic review.  
6.2.2. Findings and inferences regarding empirical paper 1: A double‐blind HD‐tDCS/EEG study 
examining right temporoparietal junction involvement in mentalising and self‐other processing 
This paper explored whether HD‐tDCS would influence mentalising/self‐other processing 
performance and/or neurophysiology, as well as whether task performance changes would be 
related to neurophysiological changes. Anodal rTPJ HD‐tDCS improved facial emotion processing 
performance for static depictions of fear (but not surprise). Mental state attribution and self‐other 
face processing were not influenced by HD‐tDCS. Stimulation condition did influence N170 and P300 
ERP components, as well as resting state power, with hemispheric effects. In the anodal stimulation 
condition, right hemisphere N170 latency had a strong positive relationship with reaction times for 
fearful face processing. Results therefore suggested that anodal HD‐tDCS to the rTPJ can influence 
facial emotion recognition (i.e., affective mentalising), and further elucidated the nature and 
distribution of underlying neurophysiological processes. It was noted that stimulation effects might 
depend on the intensity and salience/valence (negativity/threat) of the emotion, and may influence 
excitation/inhibition balance between the left and right TPJ. 
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6.2.3. Findings and inferences regarding empirical paper 2: Do autism‐relevant traits 
influence the effects of temporoparietal junction stimulation on social cognition? A HD‐tDCS 
EEG study 
This paper aimed to explore links between autism‐relevant traits and pre‐stimulation social‐cognitive 
performance, as well as examine interactions between autism‐relevant traits and HD‐tDCS to the 
rTPJ in terms of mental/emotional state attribution and neurophysiological outcomes. Pre‐
stimulation mental state attribution accuracy was reduced in participants with higher AQ Switching 
scores, which also predicted mental state attribution accuracy improvements after sham 
stimulation. Higher AQ Social and AQ Switching scores predicted reduced improvements in emotion 
recognition RT and accuracy for static faces after cathodal stimulation. Higher AQ Social scores also 
predicted increased P100/P300 ERP latencies and reduced delta power in the left compared to right 
hemisphere after anodal stimulation. Higher AQ Switching scores predicted increased left compared 
to right hemisphere theta power (post‐cathodal stimulation). One overall inference that was made 
on the basis of these results was that elements of attention/switching (as measured by the AQ 
Switching subscale) may subserve or underpin elements of social cognition (as measured by the AQ 
Social subscale).  
6.3. Broader implications and synthesis of overall thesis results 
6.3.1. Implications regarding the functional significance of the rTPJ 
Both empirical papers’ results contribute to debates regarding the function/s of the TPJ. Theories 
differ in terms of conceptualising a primary role in attention reorienting (Mitchell, 2008) or social 
cognition (Saxe & Wexler, 2005), a combination of both based on sub‐structures (Kubit & Jack, 2013; 
Mars, Sallet, et al., 2012) or common processes such as ‘contextual updating’ that influence different 
functions based on functional connectivity and the type of task at hand (Geng & Vossel, 2013; Han & 
Marois, 2014). Implicit in the discussion of these theories is the question of whether the TPJ is 
specially designed for social cognition or establishing a social context. Whilst the present results 
cannot answer this directly, broadly speaking, they do suggest that interactions between social, 
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attentional, memory, and salience‐related processes might overlap/interact in terms of function at 
the TPJ, and that attentional processes may subserve social‐cognitive processes. This does not add 
support for a ‘social‐cognition‐specific’ view of the TPJ. 
Regarding salience/valence, results from empirical paper 1 might suggest that if TPJ function 
is influenced by affective valence (and perhaps more strongly by those related to threat), perhaps 
social stimuli in many cases are more consistently salient in this manner than most other stimuli in 
the modern context, and this might partially explain why certain social and non‐social control tasks 
fail to elicit TPJ activity. More specifically, given the potential role of the TPJ in reorienting attention 
towards salient environmental (bottom‐up) stimuli (Han & Marois, 2014; Lynch, 2014), if fear is more 
consistently salient than surprise (Batty & Taylor, 2003) this may result in differing responses to HD‐
tDCS modulation of the rTPJ such as was observed herein. Consistent with this possibility is the 
significant functional connectivity between the amygdala and social brain network regions including 
the TPJ, as well as evidence that when this connectivity is aberrant there is an association with 
symptoms in conditions such as ASD and schizophrenia (Vercammen, Knegtering, Liemburg, den 
Boer, & Aleman, 2010; von dem Hagen, Stoyanova, Baron‐Cohen, & Calder, 2012).  
Findings from both empirical papers are not inconsistent with a domain‐general view such as 
that of Geng and Vossel (2013). One possible piece of support is the comparison of our findings in 
the self‐other face morphing (SOFM) task with that of prior studies (Heinisch, Dinse, Tegenthoff, 
Juckel, & Brüne, 2011; Heinisch, Krüger, & Brüne, 2012). As previously suggested, the difference 
between findings may be due to our ‘unfamiliar’ faces becoming familiar through repetition, 
whereas theirs did not (due to continuous presentation of different faces). This may indicate that 
our participants developed better internal representations of the unfamiliar face and could predict 
just as successfully in each face condition. This speaks to a common assertion, that the TPJ is 
involved in ‘switching’ between internal representations and developing representations based on 
incoming external/new stimuli, in order to update context, assess ‘goodness of fit’ with 
expectations/predictions, and to prepare for decisions/responses. The TPJ is well placed to perform 
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such a function, and its associations with the salience network, default mode network, 
dorsal/ventral attention networks, hippocampal/memory networks, central‐executive and 
mentalising networks may all be critical in this regard (Chang et al., 2013; Mars, Neubert, et al., 
2012; Menon, 2015; Wible, 2012).  
Another possible piece of support is that rTPJ stimulation modulated the N170 and P300 in a 
distributed manner. The latter in particular has previously been thought to reflect in part the 
modification of internal models according to external stimuli (Polich, 2007). A further and final 
relevant finding from empirical paper 2 was that social‐cognitive behavioural effects were more 
often and more strongly predicted by scores on the AQ Switching than the AQ Social subscale. Whilst 
the attention switching subscale is by no means a direct measure of attention reorienting abilities, it 
does appear to partly tap into the capacity to switch between incoming and existing 
stimuli/representations, whilst holding distractors at bay (for example including items such as 
difficulties doing “more than one thing at once” or monitoring “several different people’s 
conversations”). As has been previously noted, one limitation regarding such inferences is that 
parcellated views of TPJ anatomy/function (Carter & Huettel, 2013; Kubit & Jack, 2013; Mars, Sallet, 
et al., 2012; Scholz et al., 2009) cannot be explored or resolved via HD‐tDCS, which would stimulate 
all hypothesised TPJ sub‐regions. Nonetheless, our findings encourage the further exploration of 
exactly whether, how, and why aspects of attention switching ability may subserve higher order 
social cognitive processes such as ToM. They also raise questions regarding how salience and 
memory‐related processes might interact with this relationship, and how different stimulation 
protocols might influence these domains (depending also on factors such as autism‐relevant trait 
levels).  
Another aspect of our findings yet to be discussed is the differing (or at times non‐differing) 
responses to cathodal versus anodal stimulation. In empirical paper 1, for example, anodal 
stimulation improved fear detection performance, while cathodal stimulation did not impair 
performance, relative to sham. Whilst this may have been related to power given our sample sizes, it 
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is not inconsistent with prior findings in non‐motor areas. A meta‐analytic review by Jacobson, 
Koslowsky, and Lavidor (2012) stated that while significant modulatory effects were more frequently 
found after anodal tDCS in healthy subjects, cathodal/inhibitory effects were rarely found in 
cognitive studies, which they interpreted in terms of possible compensatory processes in healthy 
brain networks. Others go further, and suggest that tDCS cannot reliably modulate any cognitive 
process in healthy individuals, which has resulted in robust debate regarding both the potential 
utility/legitimacy of tDCS and relevant (including meta‐analytic) methodologies (Horvath, 2015; 
Horvath, Forte, & Carter, 2015a, 2015b; Nitsche, Bikson, & Bestmann, 2015; Price & Hamilton, 2015). 
These themes are interesting given the results of empirical paper 2, where cathodal 
stimulation became more relevant in terms of interacting with social‐cognitive task performance 
effects as predicted by AQ Switching (while EEG effects more were more likely to be relevant to AQ 
Social and anodal stimulation). It may be that the less ‘typical’ an individual’s cognitive and 
neurological functioning (in terms of more closely approximating processing/functioning in clinical 
populations such as in ASD), the more likely that cathodal stimulation will be influential. As empirical 
paper 2 notes, however, whether the effects of stimulation have a net benefit or net detriment will 
also depend on how positively/negatively not‐target cognitive domains are influenced, and whether 
compensatory processes in individuals with atypical cognitive/neural processes are compromised. As 
was evident in empirical paper 2, any form of active rTPJ stimulation might interfere with non‐target 
cognitive processes that non‐healthy participants recruit in a compensatory fashion, such as a 
greater reliance on declarative memory, for example (Ullman & Pullman, 2015). Such insights 
highlight the need for improved methodologies (such as combined methodologies and use of tasks 
assessing performance in relevant non‐target domains). These themes will be discussed further in 
terms of clinical implications and general limitations. 
6.3.2. Clinical implications 
At present, there are no established medications or medical interventions that treat the core 
symptoms of ASD (Centers for Disease Control and Prevention, 2015). Behavioural interventions 
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have some efficacy, but often require early and very intense involvement to be effective (> 20 hours 
per week for a non‐specified extended period), and even then the cost‐effectiveness is not clear, nor 
is it evident that a substantial percentage of children can go on to achieve ‘normal’ development 
(Myers & Johnson, 2007; Ospina et al., 2008; Weinmann et al., 2009). Transcranial stimulation 
technologies stand as candidate alternative options regarding symptom improvement (Amatachaya 
et al., 2014; Casanova et al., 2015; Demirtas‐Tatlidede, Vahabzadeh‐Hagh, & Pascual‐Leone, 2013; 
Enticott et al., 2014; Enticott et al., 2011; Oberman et al., 2013; Sellaro et al., 2016). The only clinical 
tDCS study to date applied regular anodal stimulation (1 mA for 20 minutes for 5 consecutive days) 
to the left dlPFC in 20 children aged 5‐8 with mild‐moderate ASD (Amatachaya et al., 2014). At 7 
days post‐treatment, symptoms had improved significantly (relative to sham stimulation) according 
to the three measures used (Childhood Autism Rating Scale; Autism Treatment Evaluation Checklist; 
Children’s Global Assessment Scale). However, the sample size was modest (n=20), regular tDCS was 
used (meaning that target focality was also modest), and results concerning longevity of effects or 
impacts on other cognitive domains were not reported. The authors considered that the results, 
though preliminary, warranted further exploration of tDCS in ASD. They also note the relevance of 
brain‐derived neurotrophic factor (BDNF) to ASD, along with the observation that tDCS influences 
BDNF levels and hyperactivity/plasticity in mouse‐models (Fritsch et al., 2010). 
Whilst acknowledging that extrapolating from results in non‐clinical to clinical populations is 
inherently speculative, a consideration of this thesis was to explore the potential future utility of 
rTPJ stimulation in clinical populations characterized by social‐relating difficulties, such as in ASD. 
HD‐tDCS, with its GABA‐, glutamate‐, and BDNF‐modulating effects (all implicated in ASD) and 
improved focality over regular tDCS, may be particularly well placed in this regard. Empirical paper 2 
focused on how autism‐relevant traits might predict social‐cognitive performance, and how tDCS 
might interact with this relationship. Whilst the results are too preliminary to make specific clinical 
conclusions or recommendations, the outcomes are certainly interesting enough to promote further 
interest in TPJ stimulation in ASD, and specific enough to raise some important themes to be 
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considered if/when clinical rTPJ stimulation trials are undertaken in future. Some of the latter 
themes are as follows: 
Theme A: Attention/switching 
Comments A: Stimulating the rTPJ in ASD might influence aspects of social cognition, but 
effects might relate to modulation of attention/switching processes also. 
‐ Including attention‐related tasks and attention‐related outcome measures would be 
beneficial.  
‐ Cognitive remediation/improvement strategies or interventions targeting social 
cognition may also benefit from general attentional training components also. 
Theme B: Compensatory processes 
Comment B: Stimulating the rTPJ in ASD might also interrupt compensatory processes that 
recruit alternative cognitive processes relevant to the TPJ and the task at hand, such as 
memory‐related resources.  
‐ Including relevant non‐social‐cognitive tasks and appropriate outcome measures in 
this regard would be beneficial.  
‐ It is also important to establish that mental/emotional state attribution performance 
is not improved at the expense of other cognitive or behavioural domains. 
Theme C: Cathodal stimulation 
Comments C: Cathodal stimulation may prove to be significantly modulatory in populations 
with ASD. 
‐ Larger sample sizes than that used here might be beneficial in terms of detecting 
subtle effects.  
Theme D: Laterality effects 
Comments D: The balance of activity between hemispheres (and the rTPJ and lTPJ in 
particular in the present context) might be important. 
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‐ This may relate to findings regarding aberrant excitation/inhibition balance, GABA 
functioning, and hemispheric power in conditions like ASD (Wang et al., 2013). 
‐ Studies employing and comparing both anodal/cathodal and rTPJ/lTPJ stimulation 
may be beneficial in this regard. 
Theme E: Anxiety 
Comments E: Stimulating the rTPJ in ASD might also influence factors such as anxiety or 
physiological arousal in general 
‐ Including pre‐ and post‐stimulation and follow‐up anxiety measures would be 
beneficial. 
Empirical paper 1 is not without immediate relevance in terms of informing future trials in 
populations such as ASD also. To our knowledge this is the first study to combine HD‐tDCS and EEG 
technologies to explore neurophysiological activity related to TPJ activity and social cognition tasks. 
The finding of improved emotion recognition performance after anodal stimulation is interesting, 
and the association of this behavioural outcome with EEG indices is novel, constituting an important 
starting point in terms of knowledge regarding the neurophysiological underpinnings of behavioural 
aspects of social cognition relevant to ASD. Our findings suggest that rTPJ involvement in facial 
emotion processing might be mediated by stimulus salience and valence, and that N170/P300 
latency/amplitude and LH/RH‐excitation/inhibition balances might be influential in this regard. Our 
results also suggest that rTPJ anodal HD‐tDCS can modulate both behavioural and neurophysiological 
outcomes relevant to social cognition, albeit (as previously suggested) in a manner that may be 
domain‐general. However, significant further research is required to understand exactly what 
networks and mechanisms are being modulated, for how long, and with what side‐effects. Studies 
such as the present one are important stepping stones to such clinical translation. Some relevant 
suggestion for future clinical trials include: 
Theme F: Emotion valence and salience 
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Comments F: Stimulating the rTPJ in ASD might influence emotion recognition, but this might 
depend on factors such as salience and valence of emotion.  
‐ These factors therefore may be important in terms of both designing studies and 
assessing stimulation effectiveness. 
‐ Baseline levels of anxiety/arousal may also be relevant and influential in this regard, 
so self‐report and/or physiological measures may be useful.  
Theme G: Combining methodologies 
Comments G: Combining methodologies where possible will gradually yield an increased 
understanding of the networks and underlying neurobiology relevant to the domains 
targeted for enhanced processing.  
‐ This is likely in turn to improve the efficacy of stimulation protocols and outcomes.  
Theme H: Delta/theta oscillations and social cognition 
Comments H: Oscillatory activity in the lower (delta/theta) bandwidths may be important to 
aspects of social cognition. 
‐ Improving our understanding of relationships between such electrophysiology and 
behavioural outcomes may also prove beneficial in terms of informing theories 
concerning ASD. 
‐ This may eventually have clinical relevance and implications. 
6.4. General limitations and relevant implications 
Many limitations have been previously noted in the empirical paper discussions, some of which will 
be elaborated on or added to here where it is warranted. These include: 
a. The length of the study  
‐ The study session took approximately 2.5 hours including questionnaires, which could 
potentially be being fatigue‐inducing.  
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‐ However, as previously mentioned, EEG post‐stimulation did not reveal lower frequencies 
across conditions, nor was there a higher frequency response after active stimulation (compared 
to sham). 
b. Sex imbalance in the cathodal condition  
‐ There was a higher female to male ratio in the cathodal condition than other conditions).  
‐ This must be taken into account when interpreting results, particularly with regard to 
cathodal/AQ interactions in empirical paper 2.  
‐ Efforts were made to balance such factors across conditions, but premature cessation of 
testing (for reasons associated with equipment malfunction) meant that this was not possible in 
the case of sex.  
‐ This may be important as males and females (both typically developing and in ASD) might 
process social information differently. 
c. Inference/generalisability‐relevant limitations 
‐ The sample used was a non‐clinical sample of limited heterogeneity (i.e. mostly high‐
functioning university students). 
‐ Sample sizes for each condition were modest.  
d. EEG electrode limitations 
‐ EEG results for lTPJ/rTPJ are based on P7/P8 electrodes only for the EEG analysis, leading to 
increased risk of anomaly.  
‐ Related is the possible limitation of using mastoids as reference, given their proximity to P7 and 
P8. This risk was partially offset by averaging the mastoids for analysis, however.  
‐ Future studies would benefit from using a full 32 or 64 channel EEG array with larger samples in 
order to build greater confidence regarding the spatiotemporal effects of rTPJ stimulation and 
potential behavioural correlates.  
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e. Task‐related factors 
‐ In empirical paper 1 it was found that HD‐tDCS had no modulatory effect in terms of 
performance on the RME or SOFM tasks. The reasons may be similar in terms of possible ceiling 
effects, with the tasks perhaps not being demanding enough in a sample of high‐functioning 
healthy controls. This possibility has been previously suggested with reference to the RME 
(Dodell‐Feder, Lincoln, Coulson, & Hooker, 2013).  
‐ This possibility is reiterated by the findings of empirical paper 2, where RME performance 
differences were observed once AQ was taken into account.  
‐ Another possibility is that brain regions other than the rTPJ may be more influential in terms of 
the aspects of mental‐state attribution measured by the RME.  
‐ A final possibility is that cultural/ethnic/linguistic factors limited the findings. A large number of 
participants in the present study were from non‐Caucasian backgrounds. The presence of 
(sometimes) challenging English vocabulary in the RME, as well as Caucasian‐only faces, may 
have influenced accuracy both before and after stimulation in this group.  
‐ Such limitations highlight the challenges regarding appropriate selection of a mentalising task, 
and the importance of developing improved pre/post mentalising tasks for such samples.  
‐ An ideal task for a pre‐post stimulation design would have adequate numbers of similar but 
different (and brief) trials both pre and post, be of sufficient difficulty to reduce ceiling effects in 
high‐functioning controls, and have limited language or stimuli bias that would allow for multi‐
cultural use or adaptation, whilst reliably recruiting structures of the mentalising network. Such 
a task remains to be developed.    
f. Specific comments regarding self‐other face processing  
‐ Task difficulty may also have been a limitation with reference to the null finding regarding self‐
other face processing in empirical paper 1. It is possible the task we used was too 
straightforward, resulting only in practice effects.  
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‐ Adding an accuracy component may have yielded further useful information as well as 
potentially influencing RT variance.  
‐ Another way to increase task difficulty would be to add an action or congruence/incongruence 
component. Performance on tasks involving imitation‐inhibition or consistent/inconstant 
representations (such as the Joint Simon Task) appears to be impacted by rTPJ tDCS (Liepelt et al., 
2016; Santiesteban, Banissy, Catmur, & Bird, 2012). This may suggest that tasks with predictive 
and “contextual updating” (Geng & Vossel, 2013; Hartwright, Hardwick, Apperly, & Hansen, 2016) 
components (involving updating internal representations by in part resolving internal‐external 
information conflict and preparing for appropriate responses/actions) may rely more heavily on 
TPJ function than pure visual self‐other face processing without all of these elements.  
‐ A further and related possibility in this regard would be the inclusion of another sensory (touch 
or sound, for example) component. Aberrant touch processing, for example, strongly predicts 
social difficulties in ASD (Lundqvist, 2015). Recent research has further explored the relationship 
between touch‐processing and social cognition in the autism spectrum, which may be linked by 
altered self‐other processing (Deschrijver, 2016; Deschrijver, Wiersema, & Brass, 2016a, 2016b). 
This exciting research links sensory and social theories of ASD, suggesting that action based touch 
might be crucial to the development of self‐other processing abilities (Deschrijver, 2016). 
‐ Furthermore, from this perspective, self‐other distinction is inherently a multisensory 
integration process (implicating the TPJ), and touch is relatively unique in terms of simultaneously 
being able to relate somatosensory information (touching something) to visual information 
regarding one’s own action/motor‐program (thereby contributing to sense of ownership of said 
action). Such an approach or theory is by no means inconsistent with the overall present findings 
and other background literature.  
‐ Some factors that the present thesis might suggest regarding such developmental debates are 
to query how much attentional and memory‐related processes contribute to the development of 
mentalising and metacognition skills more generally. It is tempting to query how much 
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developing a sense of one’s agency and awareness of one’s internal mental world contributes to 
the development of social‐cognitive abilities (see for example Flavell, 2000). If one, for various 
reasons in early childhood, develops a less strong/coherent sense of self/agency or self‐reflective 
capacities, there may be little reason to assume that others have mental states, nor could it be 
assumed that the cognitive capacity to reflect on self/other exists.  
‐ Two other reasons the TPJ might be critical to such developmental processes are the TPJ’s 
potential role in mediating top‐down and bottom‐up attention (which may be critical to self‐
other and mentalising processes), and the involvement of the TPJ in the DMN. The DMN is a 
theorised network of regions that tend to be more active when a person is ‘at rest’, and tends to 
deactivate when cognitive tasks requiring focused attention are undertaken. DMN processes are 
thought to reflect intrinsic activity and inwardly focused thinking (such as about the past or 
future), and are hypothesised to have a role in maintaining information for interpretation and 
responses, functioning to improve predictions via ongiong Bayesian inferences (Buckner, 
Andrews‐Hanna, & Schacter, 2008; Raichle & Snyder, 2007). The DMN also overlaps strongly with 
the mentalising network (particularly the TPJ and MPFC regions) and may be important to 
metacognition in general, leading to speculation as to the relationship between DMN function 
and social cognition (Mars, Neubert, et al., 2012).  
‐ A line of thinking such as this raises a number of testable questions, which again highlight the 
need for improved models of self‐other processing and linkages with other functions and 
processes: 
i. If aberrant sensory processing contributes to aberrant self‐other processing, how 
exactly does it do so?  
ii. How exactly does this contribute to agency or mentalising processes?  
iii. If this is important in ASD, why exactly is it that individuals have aberrant touch‐
processing, for example?  
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iv. What genetic/neurobiological/electrophysiological/behavioural factors are relevant, 
and would this knowledge potentially inform interventions? 
g. Standard versus high‐definition tDCS  
‐ As noted in the introductory chapters and in the systematic review, many studies targeting 
the TPJ report social‐cognitive benefits using standard tDCS. Furthermore, many of the clinical 
benefits reported in conditions such as depression have been achieved using standard tDCS (Meron 
et al., 2015; Palm et al., 2016), and the only tDCS study in ASD thus far (which reported consequent 
symptom improvement) also used regular tDCS (Amatachaya et al., 2014). It could therefore be 
argued that the stimulation of broader network activity that occurs in standard tDCS may be an 
important driver of the clinical benefits sometimes observed. The present study, in contrast, aimed 
to target a specific brain region (rTPJ) to target specific functions (mentalising and self‐other 
processing), whilst also recording EEG. HD‐tDCS was therefore a better choice in the present context. 
In terms of translation into clinical trials, however, if good reasons existed to stimulate broader 
networks (for example cathodal frontal stimulation in combination with anodal parietal stimulation), 
standard tDCS may prove a better option. In terms of exploring this theme further, an interesting 
future study would be a head‐to‐head comparison of standard versus high‐definition tDCS in ASD.  
6.5. Conclusion and future directions 
In alignment with some hypotheses, HD‐tDCS over the rTPJ did influence certain aspects of social 
cognition (such as emotion recognition), and links were made between electrophysiological (such as 
the N170 component during face processing) and behavioural outcomes (response times for 
static/fearful faces). Importantly also, in some circumstances relevant AQ subscales 
(Social/Attention‐Switching) predicted mental‐state attribution performances and responses to 
stimulation.  
As could be expected given the multisensory and multi‐domain involvement of the rTPJ, 
results raise further questions. In particular, our results point to potential interactions of attention‐, 
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memory‐, and salience/valence‐related processes to outcomes in terms of social cognition and 
underlying neurophysiology. However, in other cases, such as with reference to self‐other face 
processing and AQ subscales failing to predict pre‐stimulation emotion recognition, findings were 
null. Furthermore, in some cases, active stimulation may indeed have interfered with compensatory 
processes relevant to social cognition in individuals with a high AQ. These findings and other 
limitations are used to generate further discussion and possibilities.  
Overall, the study appears to provide enough interesting preliminary evidence to suggest 
that a clinical trial using tDCS to target the rTPJ in a population with ASD would be worthwhile. The 
study also raises a number of considerations or priorities for such future studies, which have been 
previously outlined. Whilst it is inappropriate at this preliminary stage to discuss a potential role for 
transcranial stimulation technologies in the treatment of core ASD symptoms, it is perhaps of 
interest to consider what such a role in interventions might look like. As has been noted, ASD is a 
highly heterogeneous disorder, and no single technique or intervention strategy can ever hope to be 
a ‘silver bullet’ or ‘cure.’ However, appreciation of this diversity, and improving understanding in a 
range of domains (genetic, epigenetic, behavioural, neuroanatomical, neurobiological, motor, 
language, learning, cognitive, sleep, and common comorbidities such as epilepsy, intellectual 
disability and anxiety/depression) will help inform a range of intervention options for individuals and 
families (Rinehart et al., 2017). Regarding genetic, epigenetic, and neurobiological atypicalities in 
ASD, one hope is that improved genetic and imaging technologies may eventually allow for much 
more targeted, individualised biomedical interventions. Whilst this is as yet hypothetical, in such a 
scenario, transcranial stimulation technologies (such as tDCS) applied to individually targeted areas 
(such as the rTPJ) may constitute one option in one arm of a more comprehensive and tailored 
medical, behavioral, psychosocial intervention for individuals with ASD and their families. 
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Appendix B: Pre‐ and post‐stimulation questionnaires  
 
Non‐invasive Brain Stimulation Screening Interview 
 
Date:   
 
Interviewer:   
 
Study:   
 
Participant ID:   
 
 
Technique/s used (please tick): 
☐ Transcranial magnetic stimulation (TMS) 
☐ Repetitive transcranial magnetic stimulation (rTMS) 
☐ Transcranial direct current stimulation (tDCS) 
 
☐Transcranial alternating current stimulation 
(tACS)  
☐ High‐definition tDCS (HD‐tDCS)
BOTH TMS/tDCS 
 
Have you ever had an adverse reaction to TMS/tDCS?    ☐ Yes  ☐ No 

Have you ever fainted or felt that you might faint?    ☐ Yes  ☐ No 

Have you ever had a head injury that was diagnosed    
       as concussion, or involved a loss of consciousness?    ☐ Yes  ☐ No 

Have you ever had brain surgery?    ☐ Yes  ☐ No 

Do you have any metal in your head (outside the mouth), 
      including shrapnel, surgical clips, or welding fragments?    ☐ Yes  ☐ No 
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Do you ever get headaches or migraines?    ☐ Yes  ☐ No 

Do you have any implanted medical devices, such as 
       cardiac pacemakers, medical pumps, or intracardiac lines?    ☐ Yes  ☐ No 

Have you ever had any other brain‐related condition?    ☐ Yes  ☐ No 

Are you pregnant, or is there any chance that you might be pregnant?    ☐ Yes  ☐ No 
 
In the past 24 hours have you consumed any alcohol or recreational drugs?    ☐ Yes  ☐ No 
    
Are you currently taking any medication?    ☐ Yes  ☐ No  
     
TMS ONLY 
 
Have you ever had a seizure?    ☐ Yes  ☐ No 

Does anyone in your family have epilepsy?    ☐ Yes  ☐ No
 
If yes to any of the above, provide details:  
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Non‐invasive Brain Stimulation Post‐stimulation Survey 
 
Date:   
 
Interviewer:   
 
Study:   
 
Participant ID:   
 
 
Technique/s used (please tick): 
 
☐ Transcranial magnetic stimulation (TMS), single or paired pulse 
☐ Repetitive transcranial magnetic stimulation (rTMS) 
☐ Transcranial direct current stimulation (tDCS) 
☐ Transcranial alternating current stimulation (tACS) 
☐ High‐definition transcranial direct current stimulation (HD‐tDCS) 
 
The purpose of this questionnaire is to record any effects that you may have experienced after non‐
invasive brain stimulation. To ensure your safety, please answer as accurately as possible. Please 
answer ‘Yes’ or ‘No’ to the following questions. If you have answered ‘Yes’ to any of the questions 
below, please indicate on the five‐point scale how ‘Severe’ the negative event felt. ‘1’ is very mild, ‘3’ 
is moderate, and ‘5’ is severe. Please ensure that you answer all questions, even if you did not 
experience any negative effects. 
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Did you experience any of the following? If Yes, how severe? 
 
  Mild  Moderate  Severe   
  No  Yes  1  2  3  4  5 
Headache               
Migraine               
Scalp pain               
Face pain               
Ear pain               
Neck pain               
Shoulder pain               
Body pain               
Numbness/”Pins and Needles”               
Toothache               
Nausea               
Problems with vision               
Weepiness/crying               
Nervousness/anxiety               
Fatigue               
Dizziness               
Fainting/feeling faint               
Skin rash/burn               
Thinking difficulties               
Speaking difficulties               
 
PLEASE TURN OVER 
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If you answered ‘Yes’ to any of the above items, please provide details: 
 
 
 
 
 
 
 
Did you experience any change in mood? 
If yes, please describe: 
 
 
 
 
 
 
 
Do you have any other complaints or concerns that have not appeared above? 
If yes, please describe: 
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Appendix C: Plain Language Statement 
 
 
 
 
 
 
 
PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO:  HEALTHY ADULT PARTICIPANTS 
 
Plain Language Statement  
Date:         13/11/2014 
Full Project Title:  The effect of non‐invasive transcranial stimulation on social 
cognition (Study 3) 
Principal Researcher:   Associate Professor Peter Enticott 
Associate Researchers:  Professor Nicole Rinehart, Dr. Kate Hoy, Ms. Melissa 
Kirkovski 
Student Researchers:   Mr. Peter Donaldson, Ms. Kirstyn Windsor 
 
Thank you for taking the time to read this Information Statement. 
This Participant Information Statement contains detailed information about the research 
project. Its purpose is to explain to you as clearly as possible all the procedures involved in 
the project before you decide whether or not to take part in it. 
Please read this information carefully. Feel free to ask questions about anything in the 
document. You may also wish to discuss the project with a relative or friend. Please feel free 
to do this. 
Once you understand what is involved in the project and if you agree to take part in it, you 
will be asked to sign the Consent Form. By signing the Consent Form, you indicate that you 
understand the information and that you give your consent to participate in the project. 
Participation in this study is voluntary. If you do not wish to take part you are not obliged 
to. If you decide to take part and later change your mind, you are free to withdraw from the 
project at any stage. Your decision whether or not to participate will not affect your 
relationship with Deakin University.     
You will be given a copy of this Participant Information Sheet and Consent Form to keep as a 
record. 
253 
 
 
 
STUDY OVERVIEW 
You are invited to take part in a research study. This is because you are a healthy, right‐
handed adult aged 18 to 40. The purpose of this study is to investigate how a part of the 
brain allows us to understand other people and social situations. Specifically, we will study 
whether stimulation of a particular part of the brain, the temporoparietal junction (TPJ) 
affects how well we can recognise others’ thoughts, intentions, and emotions during 
computerised tasks. The technique we will use to stimulate the brain is called high definition 
transcranial direct current stimulation (HD‐tDCS). 
WHAT WILL I BE ASKED TO DO? 
Participants will attend one session only, which will take place at the Cognitive Neuroscience 
Unit (CNU), Deakin University (Burwood Campus). Prior to the study, we will ask you to 
email a photo of yourself to us. We will give specific instructions for taking the photo. 
The research session will take approximately 2.5 hours in total. At the beginning we will ask 
you some questions about yourself, including demographics and your medical history, and 
you will fill out some questionnaires that ask about your social styles and behaviours. This is 
expected to take about 10 minutes.  
We will then attach small electrodes to your head to measure brain activity. This will take 
about 20 minutes. 
You will then perform computer tasks involving perspective taking, face processing, 
attention and memory (taking approximately 35 minutes).  
You will then undergo high‐definition transcranial direct current stimulation (HD‐tDCS). This 
uses a stimulator with five small electrodes, and will be used to stimulate some of the cells 
in your brain (i.e., generally those beneath the electrodes). HD‐tDCS involves the application 
of gentle electrical currents to the scalp through electrodes, which can affect activity in 
various parts of the brain depending on where it is applied.  
We will also ask you to wear a snugly fitted cap that will allow us to accurately determine 
the area of the brain to be stimulated by HD‐tDCS. Once we have identified the correct sites 
we will remove the cap and place the electrodes over the scalp. The electrodes will be 
positioned over the targeted areas. You will not hear any sound with the HD‐tDCS but you 
may feel a tingling and/or heating sensation on your scalp. This will take approximately 25 
minutes. If you experience any discomfort you can ask the procedure to be stopped at any 
time. 
As HD‐tDCS uses low‐level constant current, there are various factors that may exclude you 
from participating in this study. These include having a pacemaker or metal objects like 
cerebral aneurysm clips inside your body. This is why prior to testing, you will be asked a 
series of questions to determine your suitability in participating in this study. 
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Immediately after HD‐tDCS, you will repeat the computerised task, which will take 
approximately another 35 minutes. 
You will receive either active (i.e., real) stimulation or sham (i.e., placebo) stimulation. You 
will not be aware of which stimulation you will undergo.   
 
 
RISKS AND POTENTIAL BENEFITS TO PARTICIPANTS  
You will not be able to take part in this study if you have a history of psychiatric or 
neurological illness (including depression or anxiety), have ever experienced a seizure, have 
any metal in the head outside of the mouth, have any implanted medical devices, have ever 
experienced a serious head injury, are pregnant, suffer from frequent or severe headaches 
or migraines, or are employed as a driver or machine operator (as an adverse event might 
affect your employment). 
There are few possible side effects that have been reported to be associated with HD‐tDCS, 
which include brief tingling sensations (rarely accompanied by redness under the 
electrodes), mild nausea, and in some cases transient headaches that respond promptly to 
aspirin, paracetamol or other analgesics. You may also feel sensations of heat and itching 
under the electrodes, but this generally only occurs during the first moments of stimulation. 
If you are uncomfortable in undertaking any of the procedures, please do not hesitate to 
contact the research investigators. 
We will be able to communicate with you throughout the testing. If you become 
uncomfortable at any point, you can ask us to stop. At least one of the researchers present 
will have first aid training. 
You are not expected to receive any direct benefit from participating in this study. 
EXPECTED BENEFITS TO THE WIDER COMMUNITY 
This study will enhance our understanding of the way in which the brain allows us to 
understand other people and social situations. This may eventually lead to advances in the 
treatment of conditions that involve social abnormalities that may be linked to the 
temporoparietal junction, such as autism spectrum disorder and schizophrenia. 
PRIVACY AND CONFIDENTIALITY 
Participation in this study will be confidential. Your data will not contain your name or any 
identifying information, and it will only be accessible to members of the research team 
listed above. In any report arising from this study, only group data (e.g., averages) will be 
reported. 
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The student researchers will write a research report on the basis of this study, and this will 
be used to help them attain the degree of Doctor of Psychology (Clinical). It is also expected 
that the results of this research will be published in a scientific journal. If you would like to 
be informed of the results at the conclusion of the study, please tick the box beneath the 
consent form (page 5) and provide your email address. 
REIMBURSEMENT AND FUNDING 
Participants will be reimbursed $30 per session to cover travel and meal expenses. 
This research is funded in part from a National Health and Medical Research Council 
(NHMRC) Career Development Fellowship awarded to A/Prof. Peter Enticott ($404,000), and 
funding provided for Doctorate research through the School of Psychology, Deakin 
University ($2,000). 
WHAT IF I DECIDE TO STOP PARTICIPATION DURING THE STUDY? 
If you wish to withdraw from the study at any stage, your decision will not be questioned 
and any information that you have provided to that point will not be used. 
WHO CAN I CONTACT FOR FURTHER INFORMATION? 
This research is being conducted within the Cognitive Neuroscience Unit (CNU), School of 
Psychology, Deakin University. A/Prof. Peter Enticott is the principal researcher. You can 
contact him on (03) 9244 5504 or via email (peter.enticott@deakin.edu.au). 
COMPLAINTS 
If you have any complaints about any aspect of the project, the way it is being conducted or 
any questions about your rights as a research participant, then you may contact:   
The Manager, Research Integrity, Deakin University, 221 Burwood Highway, Burwood 
Victoria 3125, Telephone: 9251 7129, research‐ethics@deakin.edu.au 
Please quote project number 2014‐258.  
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO: HEALTHY ADULT PARTICIPANTS 
 
Consent Form 
Date:         13/11/2014 
Full Project Title:  The effect of non‐invasive transcranial stimulation on social 
cognition (Study 3) 
Reference Number:    2014‐258 
 
 
I have read and I understand the attached Plain Language Statement. 
I freely agree to participate in this project according to the conditions in the Plain Language 
Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to keep.  
The researcher has agreed not to reveal my identity and personal details, including where 
information about this project is published, or presented in any public form.   
 
 
Participant’s Name (printed) …………………………………………………………………… 
Signature ………………………………………………………  Date  ………………………… 
 
 
☐ Please tick this box if you wish to receive a summary of results at the conclusion of the 
study, and include your email address below. 
 
Email …………………………………………………… @ ………………………………………………………………………….. 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO: HEALTHY ADULT PARTICIPANTS 
 
Withdrawal of Consent Form 
(To be used for participants who wish to withdraw from the project) 
Date:         13/11/2014 
Full Project Title:  The effect of non‐invasive transcranial stimulation on social 
cognition (Study 3) 
Reference Number:    2014‐258 
 
 
 
I hereby wish to WITHDRAW my consent to participate in the above research project and 
understand that such withdrawal WILL NOT jeopardise my relationship with Deakin 
University. 
 
Participant’s Name (printed) ……………………………………………………. 
 
Signature ………………………………………………………………. Date …………………… 
 
Please mail or fax this form to: 
 
  Associate Professor Peter Enticott 
School of Psychology, Deakin University 
221 Burwood Hwy, Burwood VIC 3125 
Ph: (03) 9244 5504  Fax: (03) 9244 6858 
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Appendix D: Inclusion/Exclusion Criteria 
 
Inclusion Criteria:  
- Right‐handed 
- Aged 18‐40 
- No history of psychiatric or neurological illness. 
 
Exclusion Criteria:  
- Pregnant  
- Epilepsy or a history of seizures 
- History of serious head injury 
- Metal implants in the head (outside of the mouth). 
- History of stroke. 
- Hearing or vision impairment (glasses, soft contact lenses OK)  
- History of neurological, psychiatric or genetic disorder/s.  
- Use of psychiatric medications. 
- Left‐handed or ambidextrous. 
- Professional driver or machine operator.  
- Hard contact lenses. 
 
 
 
 
